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SUMMARY OF PROCEEDINGS OF THE 
57th ANNUAL MEETING 


The 57th Annual Convention of the American 
Foundrymen’s Society, a “paper convention,” was held 
in Chicago, May 4-8, 1953 without exhibits. A total of 
3,528 attended the 57th Annual Convention of AFS, 
the largest attendance on record for any non-exhibit 
year. 

Credit for the excellent reception and hospitality 
received by those attending is given to the Chicago 
Chapter of AFS under the chairmanship of Fred B. 
Skeates, Link-Belt Co. This Committee excelled in its 
splendid work and hospitality as host to the thousands 
of members and guests attending the Convention. 

During the 5-day Convention 41 technical sessions 
were held with 86 papers being presented. In addi- 
tion, there were two Brass and Bronze Shop Course 
Sessions, three Gray Iron Shop Course Sessions and 
three Sand Shop Course Sessions. 

A Symposium on Sand Reclamation was presented 
and sponsored jointly by the Sand, Steel and Gray 
Iron Divisions. A Round-Table Luncheon was spon- 
sored by each Division. The Charles Edgar Hoyt Lec- 
ture was given by James H. Smith, General Manager, 
Central Foundry Division, General Motors Corp., 
Saginaw, Mich., who spoke on “Outstanding Oppor- 
tunities for the Foundry Industry.” 

A summary of the sessions held follows: 


Monday, May 4, 10:00 A.M. 
BRASS AND BRONZE SESSION 

Presiding—F. L. Riddell, H. Kramer & Co., Chicago. 

Co-Chairman—J. G. Dick, Canadian Bronze Co., Ltd., Mon- 
treal. 

Recorder—W. L. Rudin, Elesco Smelting Corp., Chicago. 

“Properties of Graphitic Nickel Alloy Castings,” J. T. Eash 
and G. L. Lee, International Nickel Co., Inc., Bayonne, N. J. 
BRASS AND BRONZE RESEARCH IN PROGRESS: 

“Mold Interface Reactions,” W. B. Scott, National Bearing 
Div., American Brake Shoe Co., Meadville, Pa. 

“Effect of Casting Defects on Physical Properties,” B. N. Ames, 
New York Naval Shipyard, Brooklyn. 

“Metal Penetration in Cores,” R. B. Fischer, Ingersoll Rand 
Co., Phillipsburg, N. J. 

“Manganese Bronze Test Bars,” R. A. Colton, Federated 
Metals Div., American Smelting & Refining Co., Barber, N. J. 


Monday, May 4, 10:00 A.M. 
LiGHT METALS SEssION 

Presiding—A. T. Peters, The Dow Chemical Co., Bay City, 
Mich. 

Co-Chairman—W. D. Danks, Howard Foundry Co., Chicago. 

Recorder—M. Chamberlin, The Dow Chemical Co., Bay City, 
Mich. 

“Magnesium Sand Casting Alloys Containing Thorium,” K. E. 
Nelson, The Dow Chemical Co., Midland, Mich. 

“Characteristics of High Strength Magnesium Casting Alloy 
ZK61,” J. W. Meier, Department of Mines and Technical Sur- 
veys, Ottawa, Canada. 

Monday, May 4, 10:00 A.M. 
MALLEABLE SESSION 
Presiding—W. G. Ferrell, Auto Specialties Mfg. Co., St. Joseph, 


Mich. 
Co-Chairman—L. E. Roby, Peoria Malleable Casting Co., 


Peoria, Ill. 


“Mechanics of Foundry Mechanization,” R. J. Anderson, Belle 
City Malleable Iron Co., Racine, Wis. 

“Multiple Molding in a Malleable Shop,” J. G. Kropka, Chain 
Belt Co., Milwaukee. 

Monday, May 4, 12:00 Noon 
Licht Metats Rounp TABLE LUNCHEON 

Presiding—F. P. Strieter, The Dow Chemical Co., Midland, 
Mich. 

“Casting Magnesium Alloys in Shell Molds,” N. Sheptak, The 
Dow Chemical Co., Midland, Mich. 

Subject: “Shell Molding.” 

Discussion Leaders: Aluminum: J. L. Schmieder, Jr., Ober- 
dorfer Foundries, Inc., Syracuse, N. Y. Magnesium: A. J. Mar- 
otta, Utica Radiator Corp., Utica, N. Y. 

Monday, May 4, 2:00 P.M. 

BRASS AND BRONZE SESSION 
Presiding—W. M. Ball, Jr., R. Lavin & Sons, Cincinnati. 
Co-Chairman—F. L. Riddell, H. Kramer & Co,, Chicago. 

“FRACTURE TEST SYMPOSIUM” 

Panel—C. A. Robeck, Gibson & Kirk Co., Baltimore; H. H. 
Fairfield, Wm. Kennedy & Sons, Ltd., Owen Sound, Ont.; C. K. 
Faunt, Christensen & Olsen Foundry Co., Chicago; B. N. Ames, 
New York Naval Shipyard, Brooklyn. 

Monday, May 4, 2:00 P.M. 
EDUCATIONAL SESSION 

Presiding—G. J. Barker, University of Wisconsin, Madison. 

Co-Chairman—W. J. Hebard, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Subject: “Job Training in the Foundry.” 

Speakers—E. R. Andrews, Hyde Windlass Co., Bath, Maine; 
T. Miller, Great Lakes Foundries & Machine Corp., Ludington, 
Mich. 

Monday, May 4, 2:00 P.M. 
MALLEABLE SESSION 

Presiding—C. O. Schopp, Link-Belt Co., Indianapolis, Ind. 

Co-Chairman—N. N. Amrhein, Federal Malleable Co., West 
Allis, Wis. 

“Air Furnace Design and Operation,” J. E. Rehder, Canada 
Iron Foundries, Ltd., Montreal. 

“Effect of Melting Furnace Atmosphere on Casting Properties 
and Annealability of Malleable Iron—Malleable Research Pro- 
gress Report,” E. A. Lange and R. W. Heine, University of 
Wisconsin, Madison. 

Monday, May 4, 4:00 P.M. 
LiGHT METALS SESSION 

Presiding—W. A. Mader, Oberdorfer Foundries, Inc., Syracuse, 
N.Y. 

Co-Chairman—D. L. LaVelle, American Smelting & Refining 
Co., Barber, N. J. 

Recorder—J. L. Schmieder, Jr., Oberdorfer Foundries, Inc., 
Syracuse, N. Y. 

“Magnesium Alloy Permanent Mold and Semi-Permanent 
Mold Castings,” M. E. Gantz, Jr., E. M. Gingerich and R. T. 
Woods, Aluminum Company of America, Cleveland. 

“Agar Gels in Plaster-Bonded Investment,” H. Rosenthal and 
S. Lipson, Frankford Arsenal, Philadelphia. 

“Effect of Casting Fiber on Mechanical Properties of Alum- 
inum-4%, Copper Alloys,” W. D. Walther, C. M. Adams and 
H. F. Taylor, Massachusetts Institute of Technology, Cambridge, 
Mass. 

Monday, May 4, 4:00 P.M. 
MALLEABLE SESSION 

Presiding—W. D. McMillan, International Harvester Co., Chi- 
cago. 

Co-Chairman—J. Dvorak, Eberhardt Mfg. Div., Eastern Malle- 
able Iron Co., Cleveland. 

“Influence of Furnace Atmosphere on the Annealing of Malle- 
able Iron,” J. T. Bryce, A. Hernandez and F. B. Rote, Albion 
Malleable Iron Co., Albion, Mich. 
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“Gating to Control Pouring Rate and Its Effect on Castings,” 
F. J. McDonald, Central Foundry Div., General Motors Corp., 
Saginaw, Mich. 

Monday, May 4, 4:00 P.M. 
SAND SESSION 

Presiding—B. H. Booth, Carpenter Brothers, Inc., Milwaukee. 

Co-Chairman—H. W. Dietert, Harry W. Dietert Co., Detroit. 

Recorder—F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich. 

“A General Look at Nonferrous Molding Sands,” C. A. Robeck, 
Gibson & Kirk Co., Baltimore, and C. A. Sanders, American 
Colloid Co., Chicago. 

“Factors Involved in Making a Sand Mixture,” D. C. Wil- 
liams, and D. F. Baker, Ohio State University, Columbus. 

“Deformation of Green Molding Sand,” Committee Report, 
W. G. Parker, General Electric Co., Elmira Foundry, Elmira, 
N. Y. 

Monday, May 4, 8:00 P.M. 
BRASS AND BRONZE SHOP COURSE 

Presiding—R. J. Keeley, Ajax Metal Div., H. Kramer & Co., 
Philadelphia. 

Co-Chairman—h. M. St. John, Crane Co., Chicago. 

Subject: “Furnace Operation and Practice.” 

“Indirect Arc and Resistance Furnaces,” B. W. Schafer, De- 
troit Electric Furnace Div., Kuhlman Electric Co., Bay City, 
Mich. 

“Low and High Frequency Induction Furnaces,” F. T. Chest- 
nut, Ajax Electrothermic Corp., Ajax Park, N. J. 

“Coal and Coke Fired Furnaces,” R. H. Stone, Vesuvius Cru- 
cible Co., Swissvale, Pittsburgh. 

Monday, May 4, 8:00 P.M. 
Gray IRON SHoP Course 

Presiding—W. Holden, Eaton Mfg. Co., Vassar, Mich. 

Co-Chairman—E. J. Burke, Hanna Furnace Corp., Buffalo. 

Subject: “Melting Conditions in the Cupola,” D. E. Krause, 
Gray Iron Research Institute, Columbus. 

Monday, May 4, 8:00 P.M. 
SAND SHOP COURSE 

Presiding—F. S. Brewster, Harry W. Dietert Co., Detroit. 

Co-Chairman—K. L. Landgrebe, The Wheland Co., Chatta- 
nooga. 

Subject: “Pinholes in Castings,” Ray Cochran, R. Lavin & 
Sons Co., Chicago; L. E. Emery, Marion Malleable Co., Marion, 
Ind., and G. R. Gardner, Aluminum Company of America, 
Cleveland. 

Tuesday, May 5, 10:00 A.M. 
HEAT TRANSFER SESSION 

Presiding—C. E. Sims, Battelle Memorial Institute, Columbus, 
Ohio. 

Co-Chairman—J. B. Caine, Foundry Consultant, Cincinnati. 

“Practical Heat Transfer—An Interpretive Report,” AFS Heat 
Transfer Research, W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Tuesday, May 5, 10:00 A.M. 
LiGHT METALS SESSION 

Presiding—T. D. Stay, Reynolds Metals Co., Cleveland. 

Co-Chairman—P. J. Petto, Jr., Arrow Aluminum Castings Co., 
Cleveland. 

Recorder—P. J. Petto, Jr. 

“Practical Foundry Applications of Principles of Ratio Gat- 
ing,” L. L. Lucas, The Wagner Manufacturing Co., Sidney, Ohio. 

“Velocities and Volume Rates of Metal Flow in Gating Sys- 
tems,” W. H. Johnson, H. F. Bishop and W. S. Pellini, Naval 
Research Laboratory, Washington, D. C. 

“A Study of Vertical Gating—Light Metals Research Progress 
Report,” J. H. Jackson, J. G. Kura and K. Grube, Battelle Me- 
morial Institute, Columbus, Ohio. 

Tuesday, May 5, 10:00 A.M. 
BRASS AND BRONZE SESSION 

Presiding—W. B. Scott, National Bearing Div., American 
Brake Shoe Co., Meadville, Pa. 

Co-Chairman—R. A, Colton, Federated Metals Div., American 
Smelting & Refining Co., Barber, N. J. 

Recorder—J. F. Klement, Ampco Metal, Inc., Milwaukee. 

“A Study in Segregation in Bronze Using a Radioactive Tech- 
nique,” W. C. Winegard, University of Toronto, Toronto, Can- 
ada. 

“Some Factors Affecting Spherical Type Macro Gas Porosity in 
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85-5-5-5 Bronze,” R. B. Fischer, Ingersoll-Rand Co., Phillips- 
burg, N. J. 
Tuesday, May 5, 10:00 A.M. 
MALLEABLE SESSION 

Presiding—C. F. Semrau, Illinois Malleable Castings Co., Chi- 
cago. 

Co-Chairman—F. A. Czapski, Chicago Malleable Castings Co., 
Chicago. 

“Graphitization in the Malleable Iron Industry,” H. A. 
Schwartz, W. K. Bock and J. D. Hedberg, National Malleable & 
Steel Castings Go., Cleveland. 

Tuesday, May 5, 10:00 A.M. 
PATTERN SESSION 

Presiding—V. C. Reid, City Pattern Foundry & Machine Co., 
Detroit. 

Co-Chairman—H. J. Flaaten, Midwest Pattern Co., Minne- 
apolis. 

“Patterns for Shell Molding,” R. Olson, Production Foundry 
& Pattern Co., Chicopee, Mass. 

“Pattern Equipment for Shell Molding,” O. C. Bueg, Arrow 
Pattern and Engineering Co., Erie, Pa. 

Tuesday, May 5, 12:00 Noon 
BrASs AND BRONZE Rounp TABLE LUNCHEON 

Presiding—B. A. Miller, Baldwin-Lima-Hamilton Corp., Phila- 
delphia. 

Subject: “Better Understanding—Better Castings.” 

“A Brief Study of Fluid Flow in a Small Cylindrical Casting,” 
Motion Picture, courtesy of Brass and Bronze Ingot Institute. 
Presented by J. G. Kura, Battelle Memorial Institute, Columbus. 

Tuesday, May 5, 12:00 Noon 
MALLEABLE ROUND TABLE LUNCHEON 

Presiding—R. P. Anderson,. Belle City Malleable Iron Co., 
Racine, Wis. 

Co-Chairman—W., A. Kennedy, Grinnell Co., Inc., Providence, 
R. I. 

“How Far Should a Malleable Foundry Go in Sand Control,” 
E. E. Woodliff, Foundry Sand Service Engineering Co., Detroit. 

Tuesday, May 5, 2:00 P.M. 
EDUCATIONAL SESSION 

Presiding—E. M. Strick, Erie Malleable Iron Co., Erie, Pa. 

Co-Chairman—R. W. Schroeder, University of Illinois, Chi- 
cago. 

Subject: “The Foundry Industry and Formal Education.” 

Discussion Leaders: B. D. Claffey, Acme Aluminum Alloys, 
Inc., Dayton, Ohio; F. G. Sefing, International Nickel Co., Inc., 
New York, N. Y. 

Tuesday, May 5, 2:00 P.M. 
HEAT TRANSFER SESSION 

Presiding--E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Co-Chairman—W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

“Solidification of Cylinders—Heat Transfer Research Progress 
Report,” V. Paschkis, Columbia University, New York. 

“Solidification at Corner and Core Positions,’ F. A. Brandt, 
H. F. Bishop and W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Tuesday, May 5, 2:00 P.M. 
Licnt METALS SEssION 

Presiding—J. H. Jackson, Battelle Memorial Institute, Colum- 
bus. 

Co-Chairman—H. Rosenthal, Frankford Arsenal, Philadelphia. 

Recorder—M. J. Berger, Armour Research Foundation, Chi- 
cago. 

“A Technique for Casting Titanium,” O. W. Simmons and 
H. R. McCurdy, Frankford Arsenal, Philadelphia. 

“Mechanical Properties of Cast Titanium-Carbon Alloys,” O. 
W. Simmons and R. E. Edelman, Frankford Arsenal, Philadel- 
phia. 

Tuesday, May 5, 2:00 P.M. 
SAND SESSION 

Presiding—F. Carl, Fabricast Div., General Motors Corp, Bed- 
ford, Ind. 

Co-Chairman—G. P. Phillips, International Harvester Co., 
Chicago. 

Recorder—V. C. Reid, City Pattern Foundry & Machine Co., 
Detroit. 

“Resins and Sands for Shell Molding,” M. F. Drumm, Mon- 
santo Chemical Co., Springfield, Mass. 
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“Progress Report, Shell Molding Materials Testing,’ G. A. 
Conger, Cambria Foundry & Engineering Div., Stevens Mfg. Co., 
Ebensburg, Pa. 

Tuesday, May 5, 4:00 P.M. 
LicHT METALS SESSION 

Presiding—W. A. Dean, Aluminum Co. of America, Cleve- 
land. 

Co-Chairman—R. A. Lubker, Armour Research Foundation, 
Chicago. 

Recorder—P. D. Frost, Battelle Memorial Institute, Columbus. 

“Evaluation of Mold Materials for Titanium Castings,” R. M. 
Lang, J. G. Kura and J. H. Jackson, Battelle Memorial Insti- 
tute, Columbus. 

“Preliminary Survey of Some Metallurgical Bases for a Titan- 
ium Castings Industry,” R. F. Malone, H. T. Clark, and W. L. 


Finlay, Rem-Cru Titanium, Inc., Midland, Pa.; and S. V. Arnold, 


Watertown Arsenal, Watertown, Mass. 


Tuesday, May 5, 4:00 P.M. 
PATTERN SESSION 

Presiding—E. T. Kindt, Kindt-Collins Co., Cleveland. 

Co-Chairman—J. W. Costello, American Hoist & Derrick Co., 
St. Paul. 

“What Research Offers in a Pattern Coating,” C. J. Berg, The 
Sherwin-Williams Co., Chicago. 

Tuesday, May 5, 4:00 P.M. 

SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Presiding—F. A. Patty, General Motors Corp., Detroit. 
Co-Chairman—J. M. Kane, American Air Filter Co., Louis- 

ville. 

Recorder—W. N. Davis, American Foundrymen’s Society, Chi- 
cago. 

“What Are Future Air Pollution Prospects for the Foundry 
Industry?” J. M. Kane, American Air Filter Co., Louisville. 

“Know Your Problem for Your Community,” R. T. Greibling, 
Air Pollution Control Assn., Pittsburgh. 

“Air Pollution Control Equipment Available for the Foundry 
Industry,” R. T. Pring, American Wheelabrator & Equipment 
Corp., Mishawaka, Ind. 

Tuesday, May 5, 7:00 P.M. 
CANADIAN DINNER 
Presiding—J. J. McFayden, Vice-President, Galt Malleable 
Iron Co., Galt, Ont. 
Tuesday, May 5, 7:00 P.M. 
EDUCATIONAL DINNER 
Presiding—Collins L. Carter, President, Albion Malleable 


Iron Co., Albion, Mich. 
“A Chapter Educational Activity Program,” H. E. Gravlin, Jr., 


Ford Motor Co., Dearborn. 
Tuesday, May 5, 8:00 P.M. 
BRASS AND BRONZE SHOP CouRSE 
Presiding—R. ]. Keeley, Ajax Metal Div., H. Kramer & Co., 
Philadelphia. 
Co-Chairman—h. M. St. John, Crane Co., Chicago. 
Subject: “Furnace Operation and Practice.” 
“Gas and Oil Fired Furnaces,” J. L. Stroman, Stroman Furnace 
& Engineering Div., The Petersen Oven Co., Franklin Park, Ill. 
“Furnace Practices,” M. G. Deitl, Schaible Foundry & Brass 
Co., Cincinnati. 
Tuesday, May 5, 8:00 P.M. 
Gray IRON SHoP CoursE 
Presiding—H. H. Wilder, Vanadium Corp. of America, De- 
troit. 
Co-Chairman—E, J. Burke, Hanna Furnace Corp., Buffalo. 
“Foundry Calculations and Essential Records,” K. H. Priest- 
ley, Vassar Electroloy Products, Inc., Vassar, Mich. 
Tuesday, May 5, 8:00 P.M. 
SAND SHOP CouRSE 
Presiding—H. Brown, Solar Aircraft Co., Des Moines, Iowa. 
Co-Chairman—R. H. Olmsted, Whitehead Bros. Co., Con- 
neaut, Ohio. 
Subject: “Evaluation of Molding Processes.” 
Introduction: H. Brown, Solar Aircraft Co., Des Moines, Iowa. 
Green Sand Molding: C. E. Maddick, Massey-Harris, Ltd., 
Brantford, Ont. 
Permanent Mold or Die Casting: W. B. Scott, American Brake 
Shoe Co., Meadville, Pa. 
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Dry Sand Molding: G. W. Anselman, Beloit Foundry Co., So. 
Beloit, Ill. 

Shell Molding: J. B. Stazinski, Genera] Electric Co., Lynn, 
Mass. 

Core Sand Molding: G. P. Antonic, Motor Castings Co., Mil- 
waukee. 

Wednesday, May 6, 10:00 A.M. 
GRAY IRON SESSION 

Presiding—J. S. Vanick, International Nickel Co., Inc., New 
York. 

Co-Chairman—F. J. Dost, Sterling Foundry Co., Wellington, 
Ohio. 

Recorder—C. A. Johnson, Armour Research Foundation, Chi- 
cago. 

“Risering of Gray Iron Castings—Progress Report on Gray 
Iron Research,” W. A. Schmidt and H. F. Taylor, Massachusetts 
Institute of Technology, Cambridge. 

“Efficient Methods of Production of Machine Tool Castings,” 
Official Exchange Paper from Institute of British Foundrymen— 
G. W. Nicholls, Modern Foundries, Ltd., Halifax, England. 

Wednesday, May 6, 10:00 A.M. 

SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Presiding—J. G. Liskow, American Air Filter Co., Louisville. 
Co-Chairman—W. W. Dodge, Caterpillar Tractor Co., Peoria. 
Recorder—W. N. Davis, American Foundrymen’s Society, 

Chicago. 

“Progress Report—AFS Safety, Hygiene and Air Pollution 
Program,” J. R. Allan, International Harvester Co., Chicago. 

“Noise in the Foundry,” H. T. Walworth, Lumbermen’s 
Mutual Casualty Co., Chicago. 

Wednesday, May 6, 10:00 A.M. 
SYMPOSIUM ON SAND RECLAMATION 

Presiding—J. A. Rassenfoss, American Steel Foundries, E. 
Chicago, Ind. 

Co-Chairman—R. H. Jacoby, The Key Co., East St. Louis, 
Il. 

Recorder—J. B. Caine, Foundry Consultant, Cincinnati. 

“Reclamation of Sand by Pneumatic Dry Scrubbing,” H. W. 
Meyer, General Steel Castings Corp., Granite City, Il. 

“Development of Foundry Sand Reclamation,” C. E. Wen- 
ninger, National Engineering Co., Chicago. 

“Dry Reclamation of Molding Sand for Steel Castings,” J. A. 
Cannon, Duncan Foundry & Machine Works, Inc., Alton, Il. 

Wednesday, May 6, 12:00 Noon 
PATTERN ROUND ‘TABLE LUNCHEON 

Presiding—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., Milwaukee. 

Co-Chairman—H. K. Swanson, Swanson Pattern & Model 
Works, E. Chicago, Ind. 

“Pattern Problems—Questions and Answers.” 

Wednesday, May 6, 2:00 P.M. 
SYMPOSIUM ON SAND RECLAMATION 

Presiding—T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman—G. M. Etherington, American Brake Shoe Co., 
Mahwah, N. J. 

Recorder—R. W. Bennett, Walter Gerlinger, Inc., Milwaukee. 

“4 Wet Method of Sand Reclamation,” R. H. Shurmer and 
P. C. Will, The Hydro-Blast Corp., Chicago. 

“Sand Reclamation in a Steel Foundry,” H. H. Johnson, R. Y. 
McCleery and G. A. Fisher, National Malleable and Steel Cast- 
ings Co., Sharon, Pa. 

“Sand Reclamation with the Combination System,” G. H. 
Curtis, Nichols Engineering & Research Corp., New York. 


Wednesday, May 6, 2:00 P.M. 
SAFETY, HYGIENE AND AIR POLLUTION SESSION 
Presiding—J. G. Liskow, American Air Filter Co., Louisville. 
Co-Chairman—W. W. Dodge, Caterpillar Tractor Co., Peoria, 
Ill. 

Recorder—W. N. Davis, American Foundrymen's Society, 
Chicago. 

Subject: “Trends of Dust Control—Past, Present and Future.” 

Discussion Leaders: K. J. Caplan, Consultant, St. Louis; 
K. M. Smith, Caterpillar Tractor Co., Peoria; A. G. Granath, 
National Engineering Co., Chicago. 

Wednesday, May 6, 4:00 P.M. 
GRAY IRON SESSION 

Presiding—H. A. Deane, Campbell, Wyant & Cannon Foundry 

Co., Muskegon, Mich. 
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Co-Chairman—G. L. Richter, Farrel-Birmingham Co., Ansonia, 
Conn. 

Recorder—W. M. Spear, Worthington Corp., Harrison, N. J. 

“Dephosphorization of Iron—Basic Cupola Operation,” J. E. 
Bolt, Lt. USNR, Bureau of Ships, Washington, D. C. 

“Acid Cupola Slags and Some Relationships with Melting 
Conditions,” S. F. Carter and Ralph Carlson, American Cast 
lron Pipe Co., Birmingham, Ala. 


Wednesday, May 6, 4:00 P.M. 
REFRACTORIES SESSION 

Presiding—C. H. Wyman, Burnside Steel Foundry Co., Chi- 
cago. 

Co-Chairman—R. A. Witschey, A. P. Green Fire Brick Co., 
Chicago. 

“Insulating an Electric Furnace Roof,” C. C. Spencer, Electric 
Steel Castings Co., Indianapolis. 

“Correlation of Air Furnace Bottom Temperature to Refrac- 
tory and Operating Practice in a Cupola-Air Furnace Duplex 
System,” F. W. Jacobs and J. S. Lawrence, Jr., Texas Foundries, 
Inc., Lufkin, Texas. 

“Refractories for Indirect Arc Electric Furnaces for Non- 
Ferrous Melting,” M. G. Dietl, Schaible Foundry & Brass Co., 
Cincinnati. 


Wednesday, May 6, 4:00 P.M. 
TIMESTUDY AND METHODS SESSION 

Presiding—Dean Van Order, Burnside Steel Foundry Co., 
Chicago. ‘ 

Co-Chairman—J. J. Farkas, Cincinnati Milling Machine Co., 
Cincinnati. 

“Wage Incenitve for Cost and Production Control for In- 
direct Operators,” C. J. Pruet, McWane Cast Iron Pipe Co., 
Birmingham, Ala. 


Wednesday, May 6, 7:00 P.M. 
ANNUAL BANQUET 

Presiding—I. R. Wagner, President, AFS. 

The Annual AFS Banquet of the Society’s 57th Annual Con- 
vention was called to order by President I. R. Wagner. Follow- 
ing singing of the National Anthem by those in attendance, 
President Wagner introduced Past President Fred J. Walls, 
Chairman of the AFS Board of Awards who presented Honorary 
Life Memberships and AFS Gold Medal Awards as follows: 


HONORARY LIFE MEMBERSHIPS IN AFS 


Awarded to George John Barker, Professor of Mining and 
Metallurgy at University of Wisconsin, “For outstanding con- 
tributions to the Society and the Castings Industry in the edu- 
cation of young engineers for greater appreciation of the indus- 
try, the casting process and cast products as engineering 
materials.” 

Awarded to I. Richards Wagner, Electric Steel Castings Co., 
Indianapolis, ind., “Jn recognition of his services to the Ameri- 
can Foundrymen’s Society as its President, 1952-53.” 


THE Won. H. McFAppEN GoLp MEDAL 


Awarded to William John Grede, President, Grede Foundries, 
Inc., Milwaukee “For outstanding public service bringing great 
credit upon and broad recognition for the entire Foundry 
Industry.” 


THE JoHN H. WuitiInc GoLtp MEDAL 


Awarded to Daniel E. Krause, Executive Director, Gray Iron 
Research Institute “For outstanding contributions to the Society 
and the Foundry Industry in the field of Ferrous metallurgy and 
research.” 


THE Joseru S. SEAMAN GOLD MEDAL 


Awarded to William Romanoff, H. Kramer & Co., Chicago 
“For exceptional contributions to the Society and its Brass 
and Bronze Division over many years.” 


ix 
THE PETER L. Stmpson GOLD MEDAL 


Awarded to James H. Smith, General Manager, Central 
Foundry Division, General Motors Corp., Saginaw, Michigan 
“For outstanding contributions to the application of engineering 
principles in foundry practice, and as the 1953 Charles Edgar 
Hoyt Annual Lecturer.” 


After presentation of Awards, President Wagner introduced 
the speaker of the evening. 

Speaker: Dr. George S. Benson, President, Harding College, 
Searcy, Arkansas—“Education for Free Enterprise.” 


Thursday, May 7, 8:00 A.M. 
PasT PRESIDENTS’ BREAKFAST 

Presiding—Walton L. Woody, Past President. 

Thursday, May 7, 10:00 A.M. 
A.F.S. ANNUAL Business MEETING 

Presiding—AFS National President, I. R. Wagner. 

President Wagner called the meeting to order as the Annual 
Business meeting of the American Foundrymen’s Society. 
President Wagner then presented the President’s Annual Ad- 
dress. See page xii. 

Following this presentation President Wagner called on 
Secretary-Treasurer Wm. W. Maloney who announced the 1953 
AFS Apprentice Contest winners as follows: 


Wood Patternmaking Division 

Ist—Richard Sautel, Universal Pattern Works, Rockford, Ill. 

2nd—William Ryerson, Guilford Pattern Works, Rockford, Ill. 

3rd—Wm. M. Zimmer, Jr., Arnette Pattern Co., Granite City, 
Ill. 


Metal Patternmaking Division 

Ist—George M. Smith, Automotive Pattern Co., Detroit 
2nd—Philip D. McDonald, Caterpillar Tractor Co., Peoria 
$rd—Walter Lewandowski, Ford Motor Co., Dearborn, Mich. 


Gray Iron Molding Division 

lst—Wm. E. Morehead, Caterpillar Tractor Co., Peoria 

2nd—John J. Diaz, Brown & Sharpe Mfg. Co., Providence, R. I. 

3rd—Davey Gambcorta, Olney Foundry Div., Link-Belt Co., 
Philadelphia 

Steel Molding Division 

Ist—Robert J. Luckenbill, Dodge Steel Co., Philadelphia 

2nd—Marcel Lalonde, Canadian Car & Foundry Co., Ltd., 
Montreal, Canada. 

$8rd—Ghislain Lefrancois, Canadian Car & Foundry Co., Ltd., 
Montreal, Canada. 


Non-Ferrous Molding Division 

lst—Joseph LoPatriello, Airesearch Mfg. Co., Los Angeles 

2nd—Carlo Gonzales, Airesearch Mfg. Co., Los Angeles 

3rd—Gaston Vigneault, Miller’s Brass Foundry, Reg'd., Three 
Rivers, Que., Canada. 


The Society arranged to have the five first-prize winners pres- 
ent at the Convention and to receive their awards in person. 
The first-prize winners were called to the platform and Presi- 
dent Wagner presented each with the first prize, a check for 
$100.00 and an engraved Certificate of Award prefaced by a few 
words of commendation and encouragement. 

President Wagner then called on Secretary-Treasurer Maloney 
who reported on the nomination of Officers and Directors for 
the coming year and stated that no additional nominees had 
been received in accordance with the procedure prescribed in 
Art. X of the Society By-Laws. He therefore cast the unanimous 
ballot of the membership of AFS for the election of the follow- 
ing: 

President (to serve one year): 

Carter L. Collins, Albion Malleable Lron Co., Albion, Mich. 


Vice-President (to serve one year): 
Frank J. Dost, Sterling Foundry Co., Wellington, Ohio. 


Directors (to serve three years): 

E. C. Hoenicke, Eaton Manufacturing Co., Detroit, Mich. 

M. J. Lefler, Oliver Corp., South Bend, Ind. 

C. V. Nass, Beardsley & Piper Div., Pettibone Mulliken Corp., 
Chicago, II. 

V. F. Stine, Pangborn Corp., Hagerstown, Md. 

G. Ewing Tait, Dominion Engineering Works, Ltd., Montreal, 
Quebec, Canada. 








Director (to serve one year): 

I. R. Wagner, Electric Steel Castings Co., Indianapolis, Ind. 

President Wagner next introduced James H. Smith who pre- 
sented the Charles Edgar Hoyt Annual Lecture. 

Thursday, May 7, 11:00 A.M. 
CHARLES EpGAR HoyT ANNUAL LECTURE 

“Outstanding Opportunities for the Foundry Industry,” James 
H. Smith, General Manager, Central Foundry Div., General 
Motors Corporation, Saginaw, Mich. 


Thursday, May 7, 12:00 Noon 
Gray IRoN Rounp TABLE LUNCHEON 

Presiding—W. W. Levi, Lynchburg Foundry Co., Radford, Va. 

“Casting Defects,’ W. A. Hambley, Chas. A. Krause Milling 
Co., Birmingham, Mich. 

Thursday, May 7, 12:00 Noon 
STEEL RounpD TABLE LUNCHEON 

Presiding—J. B. Caine, Fdry. Consultant, Cincinnati. 

Co-Chairman—V. E. Zang, Unitcast Corporation, Toledo, 
Ohio. 

Subjects: “Hot Tear Investigation—AFS Steel Research Pro- 
gress Report,” C. H. Wyman, Burnside Steel Foundry Co., Chi- 
cago. 

“Effect of Casting Defects on Service Performance.” 
“What Are Your Troubles?—Let’s Discuss Them.” 


Thursday, May 7, 2:00 P.M. 
PLANT AND PLANT EQUIPMENT SESSION 

Presiding—J. Thomson, Continental Foundry & Machine Co., 
East Chicago, Ind. 

Co-Chairman—H. W. Johnson, Wells Manufacturing Co., 
Skokie, Ill. 

“Core Making Machines,” L. B. Koenig, J. I. Case Co., 
Racine. 

“Mechanization in Core Making,” H. C. Weimer, Beardsley & 
Piper Co., Chicago. (Motion Picture.) 


Thursday, May 7, 2:00 P.M. 
Founpry Cost SEssion 
Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 
Co-Chairman—C. E. Westover, Westover Engineers, Milwau- 
kee. 
“Use of Standards in Controlling Costs,” William Busby, 
Texas Foundries, Inc., Lufkin, Texas. 
“Are Your Costs Reliable?” R. T. Lewis, Keen Foundry Co., 
Griffith, Ind. 
“A Cost System for Small Jobbing Foundries,” R. W. McDon- 
nell, Letson & Burpee, Ltd., Vancouver, B. C. 


Thursday, May 7, 2:00 P.M. 
REFRACTORIES SESSION 

Presiding—W. R. Jaeschke, The Whiting Corp., Harvey, IIl. 

Co-Chairman—R. P. Schauss, Werner G. Smith, Inc., Chicago. 

“Gun Placed Silica Cupola Linings,” T. E. Barlow and P. D. 
Humont, International Minerals & Chemical Corp., Chicago. 

“Effects of Operating Practice on Refractory Life in the 
Periodic Air Furnace,” C. F. Semrau, Illinois Malleable Iron 
Co., Chicago. 

“Carbon as a Refractory,” J. V. Nolan and T. J. Wilde, Na- 
tional Carbon Co., New York. 


Thursday, May 7, 2:00 P.M. 
SAND SESSION 

Presiding—J. B. Caine, Foundry Consultant, Cincinnati. 

Co-Chairman—W. §S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Recorder—P. E. Kyle, Cornell University, Ithaca, N. Y. 

“Ramming of Molding Sands,” H. W. Dietert and A. L. 
Graham, Harry W. Dietert Co., Detroit. 

“Casting Surface Finish and Flowability of Sand,” H. H. Fair- 
field and James McConachie, William Kennedy & Sons, Ltd., 
Owen Sound, Ont. 

“Report of Flowability Committee,” J. B. Caine, Foundry 
Consultant, Cincinnati. 


Thursday, May 7, 4:00 P.M. 
Gray IRON SESSION 
Presiding—D. E. Krause, Gray Iron Research Institute, Co- 


lumbus. 
Co-Chairman—F. T. McGuire, Deere & Co, Moline, III. 
Recorder—D. S. Eppelsheimer, Missouri School of Mines, 
Rolla, Mo. 


FiFTy-SEVENTH ANNUAL MEETING 


“Trends for the Relation of Chill Test Depth and Carbon 
Equivalent of Gray Cast Irons,” E. A. Loria, The Carborundum 
Co., Niagara Falls, N. Y. 

“Hardening Characteristics of Induction Heated Ductile Iron,” 
E. P. Rowady, General Electric Co., Fort Wayne, Ind.; W. J. 
Murphy and J. F. Libsch, Lehigh University, Bethlehem, Pa. 


Thursday, May 7, 4:00 P.M. 
SAFETY, HYGIENE AND AIR POLLUTION SESSION 

Presiding—J. W. Young, International Harvester Co., Chi- 
cago. 

Co-Chairman—M. F. Biancardi, Allis-Chalmers Mfg. Co., 
Milwaukee. 

Recorder—W. N. Davis, American Foundrymen’s Society, 
Chicago. 

“Positive Benefits of a Safety Program,” F. W. Shipley, Cater- 
pillar Tractor Co., Peoria. 

Question and Answer Panel—AFS Safety Committee. 

Thursday, May 7, 4:00 P.M. 
STEEL SESSION 

Presiding—C. B. Jenni, General Steel Castings Co., Eddystone, 
Pa. 

Co-Chairman—J. R. Goldsmith, Crane Co., Chicago. 

Recorder—W. R. Punko, Wehr Steel Co., Milwaukee. 

“The Influence of Molding Materials on the Incidence of Hot 
Tearing,” J. M. Middleton, British Steel Castings Research 
Association, Sheffield, England. Paper presented by C. W. 
Briggs, Steel Founders’ Society of America, Cleveland. 

“Progress Made in Fluidity Testing of Molten Metal During 
the Last Ten Years,” A. I. Krynitsky (Retired), National Bureau 
of Standards, Washington, D. C. Paper presented by J. H. 
Schaum, National Bureau of Standards, Washington, D. C. 


Thursday, May 7, 4:00 P.M. 

TIMEsTUDY AND METHODS SESSION 
Presiding—J. A. Westover, Westover Engineers, Milwaukee. 
Co-Chairman—H. R. Williams, Williams Management Engi- 

neering, Milwaukee. 
“Developing Standard Data Tables for Core Finishing,” L. L. 
Martin, Sterling Foundry Co., Wellington, Ohio. 
“Conveyor Molding Standards,” E. C. Reid, Ford Motor Co. 
of Canada, Ltd., Windsor, Ont. 
Thursday, May 7, 7:00 P.M. 
A.F.S. ALUMNI DINNER 
Presiding—Walter L. Seelbach, Superior Foundry, Inc., Cleve- 
land. 
Speaker: “Israel and Its Industry,” H. Bornstein, Deere & Co., 
Moline, IIl. 
Thursday, May 7, 8:00 P.M. 
GRAY IRON SHOP Course 
Presiding—W. W. Levi, Lynchburg Foundry Co., Radford, Va. 
Co-Chairman—L. L. Clark, Armour Research Foundation, Chi- 
cago. 
Subject: “Practical Aspects of Carbon Control in the Cupola,” 
A. J. Dublo, The Sterling Foundry Co., Wellington, Ohio. 


Thursday, May 7, 8:00 P.M. 
SAND SHOP COURSE 

Presiding—R. H. Jacoby, The Key Co., East St. Louis, Il. 

Co-Chairman—F, E. Kurtz, Electric Steel Castings Co., Indi- 
anapolis. 

Subject: “Hot Properties of Molding Sands and Their Rela- 
tion to Casting Defects.” 

Steel: H. W. Meyer, General Steel Castings Corp., Granite 
City, Ill. 

Malleable: B. C. Yearley, National Malleable & Steel Castings 
Co., Cicero, Ill. 


Friday, May 8, 10:00 A.M. 
GRAY IRON SESSION 

Presiding—G. A. Timmons, Climax Molybdenum Co., De- 
troit. 

Co-Chairman—R. A. Clark, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder—T. Giszczak, Central Foundry Div., GMC, Defiance, 
Ohio. 

“Panel Discussion on Heat Treatment of Gray Iron for the 
Practical Foundryman.” 

“The Fundamentals of Heat Treatment of Gray Cast Iron,” 
J. E. LaBelle, Detroit Diesel Engine Div., GMC, Detroit. 
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“Stress Relieving Gray Iron,” J. H. Schaum, National Bureau 
of Standards, Washington, D. C. 

“Annealing Iron Castings for Machinability,” A. W. Demmler, 
Campbell, Wyant & Cannon Foundry Co., Muskegon, Mich. 

“Through Hardening of Gray Iron,” A. A. Armstrong, 
Thompson Products, Inc., Cleveland. 

“Flame Hardening Cast Iron,” M. R. Scott, Detroit Flame 
Hardening Co., Detroit. 

Friday, May 8, 10:00 A.M. 
SAND SESSION 

Presiding—E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Co-Chairman—H. W. Meyer, General Steel Castings Corp., 
Granite City, Ill. 

Recorder—C. C. Sigerfoos, Michigan State College, East Lan- 
sing, Mich. 

“Induced Flow Process of Baking Oil-Bonded Cores,” C. T. 


Marek, Purdue University, Lafayette, Ind., and R. J. Wimmert, 


Air Reduction Corp., Union, N. J. 
“Veining Tendencies of Cores—Committee 8-J Report,’ H. 
H. Fairfield, William Kennedy & Sons, Ltd., Owen Sound, Ont. 
“Sand Research—Progress Report,” H. Robinson, Cornell 
University, Ithaca, N. Y. 
Friday, May 8, 10:00 A.M. 
STEEL SESSION 


Presiding—A. H. Suckow, Symington-Gould Corp., Depew, 


N. ¥. 

Co-Chairman—kK. Fritz, Bucyrus-Erie Co., So. Milwaukee. 

Recorder—C. C. Reynolds, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

“Feeding Range of Joined Sections,” E. T. Myskowski, H. F. 
Bishop and W. S. Pellini, Naval Research Laboratory, Washing- 
ton, D. C. 
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“Fundamentals of Riser Behavior,’ C. M. Adams and H. F. 
Taylor, Massachusetts Institute of Technology, Cambridge. 


Friday, May 8, 2:00 P.M. 
Gray IRON SESSION 


Presiding—H. L. Ullrich, Sachs-Barlow Foundries, Newark, 
N. J. 

Co-Chairman—G. P. Phillips, International Harvester Co., 
Chicago. 

Recorder—]. H. Schaum, National Bureau of Standards, 
Washington, D. C. 

“Effect of Magnesium on Eutectic Modification and Graphiti- 
zation of Certain Fe-C Alloys,” H. W. Weart and R. W. Heine, 
University of Wisconsin, Madison. 

“Prediction of Mechanical Properties from Chemical Composi- 
tion for Fully-Annealed Ductile Cast Iron,” C. C. Reynolds, 
C. M. Adams, and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge. 


Friday, May 8, 2:00 P.M. 
STEEL SESSION 


Presiding—A. W. Demmler, Campbell, Wyant & Cannon 
Foundry Co., Muskegon, Mich. 

Co-Chairman—J. Neff, American Steel Foundries, E. Chicago, 
Ind. 

Recorder—C, R. Sorensen, National Malleable & Steel Cast- 
ings Co., Cicero, Ill. 

“Performance of Cast and Rolled Steels in Relation to the 
Problem of Brittle Fracture,” W. S. Pellini, F. A. Brandt and 
E. E. Layne, Naval Research Laboratory, Washington, D. C. 

“Engineering Aspects of Centrifugal Casting,” J. F. Wallace, 
Watertown Arsenal, Watertown, Mass. 








PRESIDENT’S ANNUAL ADDRESS 


I. R. Wagner* 


In preparing an Annual Address on the activities 
and progress of this Society, a President is faced with 
one of two approaches: Whether to report factually 
on what has been done, or to point up the problems 
that have made themselves evident during the year. 

Six months ago, I would have said that the prob- 
lems would be of major importance. I have since 
come to realize that the major problem of A.F.S. is 
that its present activities and works should be bet- 
ter understood. . . . and appreciated. Therefore, with 
your indulgence [ shall present a brief summary of 
what your Society is accomplishing, and leave to 
later analysts the problems of the industry. 

Since the American Foundrymen’s Society is a 
technical society, it is necessary to be factual, not 
theoretical. Because our activities are of primary 
value to the individual, we cannot be impersonal. 
And since A.F.S. is a source of pride and concern to 
its members, we have an obligation to keep you 
informed. 

It is good to pause once in a while, to sit back and 
take a look at ourselves. . at our aims and pur- 
poses and how well we may be serving those who 
look to us for guidance—and to take stock of our 
plans for the future. Since we endeavor to serve 
your interests, give us the benefit of your advice and 
suggestions. 


A.F.S. Is A Technical Society 


First, let us look back over the past year and evalu- 
ate our adherence to the Society's avowed function: 
To advance the arts and sciences of metal casting. 
A.F.S. is recognized primarily as a Technical Society, 
and its work is directed wholly toward the technical 
and practical improvement of foundry operations. 
Our technical work is carried on by eight technical 
divisions—Steel, Malleable, Gray Iron, Brass and 
Bronze, Light Metals, Sand, Patternmaking, and Edu- 
cation . . . as well as by a number of General In- 
terest Committees dealing with such subjects as Plant 
and Plant Equipment, Heat Transfer, Costs, ‘Time- 
study and Methods, and Refractories. 

Over 600 men of the industry—many of them ac- 
knowledged experts in their respective fields—serve 
voluntarily on A.F.S. Technical Committees. It is 
their willingness to impart something of their ex- 
perience and knowledge to others that has gained 
A.F.S. its broad recognition. You cannot discount or 


*Member of Board of Directors, Electric Steel Castings Co., 
Indianapolis, Ind. 

This Address was presented during the Annual Business 
Meeting of the Society at the 1953 AFS Convention, May 7, 
1953 in Chicago. 
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minimize the great contributions of these men to 
foundry betterment . . . yet many otherwise intelli- 
gent foundry operators pay little heed to this great 
wealth of information so readily available. 

May I congratulate you on your recognition of the 
value of these so-called “paper conventions.” A glance 
at the Official Program reveals a rather significant 
trend away from the strictly scientific and highly 
theoretical, toward the practical application of fund- 
amental principles of enginecring—mechanical, met- 
allurgical, industrial and chemical. It appears that 
A.F.S. has a real selling job to do at these off-year 
Conventions among the essentially practical foundry 
operators. 

Speaking of Committee service, it seems not too 
generally understood that “voluntary service’’ means 
just that. Committee members are not hand picked 
by the National Office Staff; those who serve are 
either invited by the Committees themselves or else 
volunteer their services to the Division and Commit- 
tee Chairmen. If you or your men are willing to 
serve and attend meetings, we urge you to write in 
and tell us, and not wait for an invitation. 

The technical divisions and committees form the 
cornerstone of A.F.S. technical work. Their mem- 
bers prepare books, develop Convention programs, 
sponsor and supervise research work, write for AMERI- 
CAN FOUNDRYMAN, consult with the staff on foundry 
problems, present foundry talks before Chapters, Con- 
ventions and Regional Foundry Conferences. I know 
of no more stimulating and rewarding activity in the 
Society than Committee service. Progressive man- 
agement should urge participation by key men. 


Research 


Consider the A.F.S. research projects, for example. 
Seven years ago we adopted a plan whereby each 
technical division may initiate for approval a speci- 
fic research project on some fundamental problem. 
Bids are taken and definite contracts let by research 
committees which also supervise progress. At pres- 
ent, seven such research projects are under way: 

Hydraulics of Light Metal Flow into Molds—Light 
Metals Division—Battelle Memorial Institute. 

Fracture Test as an Index of Melt Quality—Brass 
& Bronze Division—University of Michigan. 

Fundamentals of Heat Flow During Casting Solidi- 
fication—Heat Transfer Committee—Columbia 
University. 

Effect of Melting Conditions on the Behavior of 
Malleable Iron—Malleable Division—University 
of Wisconsin. 

High Temperature Properties of Molding Sands— 
Sand Division—Cornell University. 
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Relation of Cores to Hot Tearing—Steel Division 
—Cooperating Foundries. 

Risering of Gray lron—Gray Iron Division—Mas- 
sachusetts Institute of Technology—Cambridge, 
Mass. 

At present, the annual maximum allowed for any 
one project is $5,000; and, with eight technical divi- 
sions, conceivably only eight projects may be spon- 
sored at one time. Personally, I believe the time is 
near when this program will have to be doubled in 
both number of projects and allowable funds. 

One concrete result of this program is the series of 
films on “Fluid Flow in Transparent Molds,” shown 
throughout the United States and Canada and in 
many foreign countries. 


Publications 


During the past year A.F.S. has carried on a vig- 
orous program of issuing new and revised publica- 
tions on foundry practice. Seven new books were 
completed and distributed, bringing to over 50 the 
number of available titles. Here are the ones pro- 
duced since last July: 

Symposium on Foundry Health, Safety and Air 
Pollution, presented at University of Michigan— 
October, 1952. 

Transactions of 1952 Convention - 
1952. 

Patternmakers Manual—January, 1953. 

Glossary of Foundry Terms—April, 1953. 

Statistical Quality Control for Foundries—April, 
1953. 

Recommended Names for Gates and Risers—April, 
1953. 

Symposium on Safety, Health and Air Pollutjon, 
presented at University of Illinois—May, 1953. 


December, 


In the educational field, A.F.S. now is formulating 
a more aggressive program at the level of secondary 
schools and in-plant training, as a necessary corollary 
to the wonderful job done at the college and uni- 
versity level by the Foundry Educational Founda- 
tion. We must keep in mind the needs of that far 
larger group of foundrymen who, unable to obtain a 
higher education, still must be adequately trained 
and given their chance to advance. 

We speak of this industry as one of great oppor- 
tunity; and so it is . . . but there exists at present a 
wide educational gap that needs to be bridged. The 
A.F.S. Educational program will be directed toward 
erecting that bridge, by concentrating at the local 
level through our Chapters. A full-time Staff director 
now is being sought to put the program into effect. 

Meanwhile, much valuable information has been 
developed for school and in-plant training purposes 
by A.F.S. for example, the high school text- 
book, Foundry Work—the Patternmakers Manual— 
the booklets on Apprentice Training and Foreman 
Conferences—the new Glossary of Foundry Terms— 
the booklet and chart on Gating Definitions, and 
other publications. 

Many A.F.S. Chapters are already carrying on edu- 
cational courses for foundry workers, stimulating the 
teaching of foundry work in high schools and trade 
schools, encouraging more young men to enter this 
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industry of great opportunity. This work must be 
supported locally by foundry management, not at a 
national level, because the success of the program will 
be almost wholly localized. I commend to you plant 
owners and managers an active interest in the educa- 
tional work of your A.F.S. Chapter. 

Speaking of the Chapters—and of membership—it 
is my pleasure to report that on May 1, 1953, the 
Society's membership totaled 11,012, 95 per cent of 
which is affiliated with 42 regular foundry Chapters 
and 14 Student Chapters. During the past year three 
new Chapters were established—Mid-South Chapter 
at Memphis, Tenn.; one Student Chapter at Brook- 
lyn Polytechnic Institute, and a second Student Chap- 
ter at University of Wisconsin, 

The holding of Regional Foundry Conferences, 
sponsored by one or more Chapters, has become a 
real force. During the past year eight such confer- 
ences were held, sponsored by a total of 26 Chapters 

. a remarkable record. I might add, however, that 
in some cases these well arranged meetings enjoyed 
somewhat disappointing attendance. 

Now the idea of the Regional Conference is to 
bring to those men who cannot get away to far- 
distant places, the speakers and foundry experts who 
address national conventions. These regionals are 
the local conventions for your men—and I strongly 
urge you to take better advantage of the opportuni- 
ties they offer, simply as a part of your own in-plant 
training programs. 

Safety, Hygiene and Air Pollution Program 


At this 1953 Convention we have arranged, for the 
first time, three sessions by the Safety and Hygiene 
and Air Pollution program, one of the most import- 
ant and far-reaching activities being carried on by 
A.F.S. today. As you may know, the program was 
undertaken on recommendation of the National Cast- 
ings Council, and a fund of $350,000 is being raised 
on a voluntary subscription basis. 

The objectives of the program are three: First, to 
develop practical engineering standards for the guid- 
ance of foundries in controlling external air pollu- 
tion so as to live as “good neighbors” in their in- 
dustrial communities; second, to encourage safer 
foundry practice; and third, to urge constant im- 
provement in foundry working conditions. All of 
this adds up to one objective . . . making the found- 
ry a better place to work. 

How is the industry responding to this vital ac- 
tivity? To date, a total of $75,000 has been pledged 
. . . hardly sufficient to carry the program through 
two years of the announced ten-year program. The 
answer lies in your hands . . . and the warning sig- 
nals are up and plain to see. 

Recently A.F.S. sponsored a safety and health sem- 
inar at the University of Wisconsin. Only 26 found- 
rymen attended . . . yet down the street on that same 
day, the state legislature was launching an investiga- 
tion of foundry working conditions! Let me quote 
from the testimony presented: 

“Working in a foundry is the roughest, dirtiest and 

most thankless job in the world.” 

Opposing the measure to set up a legislative com- 
mittee to probe foundry working conditions was the 
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Wisconsin Manufacturers Association . . . and I am 
informed that not one representative of the foundry 
industry was present. 

There has been a bill pending in Minnesota to 
forbid the use of silica flour. Once again, the Ohio 
legislature is contemplating more rigid air pollution 
controls. In Illinois, it has been proposed that any 
plant employing 25 or more people must have a full- 
time safety director and an active safety program .. . 
approved by the state department of health. And 
nationally, the infamous Murray Bill S-268 has been 
revived in Congress. 

These are not isolated cases . . . they are part of 
the very real trend that led the industry to initiate 
the A.F.S. program in your behalf. Make no mistake 
about it, our industry’s safety record is not good, 
working conditions in many plants are exceedingly 
vulnerable, and the entire industry—even the excel- 
lent plants—suffers when regulatory agencies make 
a public example out of the plant that either will 
or does not know how to operate as a “good neigh- 
bor.” 

We still believe that this industry is capable of 
setting up its own proper standards of working condi- 
tions, and the Safety and Hygiene and Air Pollution 
committees have gone far in doing so. However, we 
want and ask your support for this work. 

Real progress is being made in constant improve- 
ment of the Society's official magazine, AMERICAN 
FOUNDRYMAN. This enables A.F.S. to carry on many 
activities which, while 100 per cent on the expense 
side, have been undertaken in your behalf. So long 
as we maintain a strong and useful Society, we shall 
continue to develop a stronger and more useful 
AMERICAN FOUNDRYMAN. 


A.F.S. Building Project 


A number of members have asked me, “What about 
the A.F.S. Building Project?” I am glad to report 
that the Society now owns a highly desirable site in 
DesPlaines, Illinois, a suburb northwest of Chicago, 
and building plans have been approved by the Hous- 
ing Committee. Construction will begin just as soon 
as bids can be taken and considered by the Commit- 
tee, and by the time of the 1954 Convention the Na- 
tional Office will be occupying the Society's own 
headquarters building. 

We have had many disappointments and delays in 
the project, but one thing stands out in my mind. 
The Building Project is 100 per cent an example of 
cooperative Committee decision and action—the kind 
of democratic procedure that you have a right to ex- 
pect in the operations of your Society. I can assure 
you that the completed structure will in every way 
be a credit to the Society and to the more than 800 
individuals, companies and Chapters who subscribed 
a total of nearly $150,000. 

True, the completed building will cost more than 
that. The A.F.S. Board has agreed to utilize reserve 
funds to make up any difference between contribu- 
tions and actual cost, up to a maximum all-inclusive 
cost of $200,000. We do not intend to reopen gen- 
eral solicitation of funds, but Charter Subscribers 
are still being enrolled in this wonderful project that 
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Walton Woody launched three years ago. 

A moment ago I referred to “orderly Committee 
procedures.” Let me assure you that the Board of 
Directors of your Society is the real directive force it 
should be. It’s simply wonderful, the way the Direc- 
tors have assumed their elective obligations. They 
spend a great deal of time visiting and inspecting the 
Chapters, keeping in touch with Society develop- 
ments, counseling with Committees and members, 
and proposing new ideas or improvements. No Presi- 
dent could ask for finer cooperation than has been 
given me this past year, and I want to express my 
personal thanks for their loyal, active support. 

I am especially proud of one particular job that 
the Board has carried through this year—namely, 
the establishment of definite Board policies as pro- 
posed by E. C. Horlebein several years ago. Policy 
committees were set up covering seven activities— 
Finances, Administration, Technical Activities, Pub- 
lications, Chapters and Membership, Conventions and 
Exhibits, and Education at the Training Level. 

Membership on these committees was not restricted 
to the Board, because we wanted a cross-section of 
opinion. All seven committees met, made recommen- 
dations, and the Board approved, for the first time, 
definite policies which should help greatly in carry- 
ing on future A.F.S. work in orderly fashion, with 
less confusion and misunderstandings. 

In addition, the Board set up a special committee 
to work out a plan for its own reorganization, in line 
with the Society’s growth and increased activities. It 
is also intended to relieve the President and Vice- 
President of some of the excessive travel that has 
been experienced in recent years. The plan, as well 
as the Board policies adopted, are now in the hands 
of the By-Laws Committee, and an extensive revision 
of the Society’s by-laws will soon be balloted to the 
membership. 

We believe you will find it possible to approve the 
proposed changes—especially when I add that these 
revisions do not contemplate increasing the dues. 

Recently the Board adopted, for the first time, a 
definite policy for the investment of any accumulated 
reserve funds. We are working toward an invested 
reserve equal to average annual expense over a per- 
iod of four years, subject to review every two years. 
The goal at this time is approximately $450,000—and 
I may tell you that we still have one-third of the goal 
to make. In other words, the Board believes it more 
important to maintain needed activities and to ac- 
cumulate the desired reserve gradually, than to build 
up unnecessarily large reserves at one full swoop. 
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this time. To the trade associations who are members 
of the National Castings Council, our sincere appre- 
ciation for your cooperation and support, particularly 
in the Safety and Hygiene and Air Pollution fund 
raising. Their help has been invaluable, constant and 
an example of the fine spirit of friendliness that the 
Council has helped bring about. 

To the authors, chairmen and others who have 
made this convention possible—and especially to the 
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committees who worked so hard to develop it—the 
Society certainly owes you a debt of gratitude. The 
President is in a singular position, partially behind 
the scenes, to see and understand how much effort 
goes into the making of a meeting like this, 

Our Chapters certainly deserve congratulations for 
their greatly improved programs, their regional con- 
ferences, their increasing educational work—and for 
their success in building the membership to a total 
of 11,012... . the largest membership by the way, that 
AFS has ever enjoyed. Perhaps you did not realize 
that... it is true. 

To the host of foundrymen who give so much time 
and thought to Committee activities, I should like to 
say that the entire industry is indebted to you for 
much of the data that represent foundry progress. 

And finally, but by no means as an after thought, 
I wish to thank the National Office Staff for their 
conscientious effort and success in a trying year of 
many added burdens and activities. When I took 
office last July, I announced a program of starting 
nothing new but carrying through to conclusion what 
had already been initiated. AFS Secretary-Treasurer 
Wm. W. Maloney told me that, while I did stick to 
my program, the result has been a terrific year of ad- 
ministrative activity. 

To our Technical Director, $. C. Massari, for his 
consistently fine work in steering our technical activi- 
ties into real accomplishment . . . to the Editorial and 
Advertising staff of AMERICAN FOUNDRYMEN for build- 
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ing a constantly better magazine . . . to W. N. Davis, 
A. A. Hilbron and all the other members of the Na- 
tional Office—my thanks for the part that each of you 
has played in carrying on the Society's affairs with 
efficiency and dispatch. 

In this address I have tried to convey to you the 
fact that your Society is active and progressing, and 
is not just sitting back to count our laurels. We carry 
a heavy program of activities, yet must remain alert 
to expand our work within our means. AFS is “big 
business” today, with an average annual budget of 
half a million dollars, and administration of such a 
budget requires study and constant care. The Board 
and Finance Committee receive regular reports, and 
our finances are in good shape. AFS is by no means 
“rich”, and every additional activity undertaken re- 
quires special financing. That’s why outside funds 
have been necessary to launch the Building Project 
and to carry on Safety and Hygiene and Air Pollu- 
tion Work. , 

In final analysis, whatever the Society has accom- 
plished during the past year is due to the support and 
good will of the members . . . to your belief in the 
value of the Society, and your participation in what 
it stands for. It has been a wonderful experience to 
serve as your President, and I am confident you will 
give our new President, Collins Carter, the same de- 
gree of friendship and support that you have given 
to me so generously, Believe me—2l am deeply grate- 
ful. 














REPORT OF THE TREASURER 


For the Fiscal Year ended June 30, 1953 


On Jury 17, following completion of the annual audit of the 
Society’s financial accounts by George V. Rountree & Co., Certi- 
fied Public Accountants of Chicago, the Treasurer mailed to all 
members of the Board complete financial data, including: 
Auditor’s report as of June 30, 1953; Consolidated Statements of 
Income and Expense for fiscal years 1950-51, 1951-52 and 1952- 
53, showing budgets and actuals in all cases; Income and Ex- 
pense Budgets (included in above Consolidated Statements) 
for the 2-year period 1953-1955, as recommended by the Finance 
Committee. 


1952-53 General 


The statements for 1952-53, as audited, reported the following: 
Income $507,426, or 1.9 per cent more than the $498,000 bud- 
geted; Expense $563,999, or 4.2 per cent more than the $541,210 
budgeted. Thus, while an Excess Expense of $43,210 was bud- 
geted for the fiscal year, actual Excess Expense totaled $56,573, 
or 30 per cent more than budgeted. 

Total Income of $507,426, increased $124,503 or 32.5 per cent 
over the year 1950-51, was the greatest for any non-exhibit year 
on record. Total Expense of $563,999 was an increase of $132,- 
646 or 30.7 per cent over 1950-51. 


1952-53 Income and Expense 


The Auditor's report shows Income and Expense in an opera- 
tional form of statement with all Salaries and Burden items 
distributed to activities. It will be noted that only two activities 
(Member Service and AMERICAN FOUNDRYMAN) produce a Net 
Income in a non-Exhibit year, all other activities showing a 
Net Expense. 

A comparison of Net Income and Expense by activities for 
1951-52 and 1952-53 follows: 











NET INCOME 1951-52 1952-53 
SE eee $203,262 
AMERICAN FOUNDRYMAN $1,181 $ 25,677 
Member Service ........ 185,494 208,749 
Miscellaneous ........... 6,889 (297) 
Total $426,826 $234,129 
NET EXPENSE 1951-52 1952-53 
General Administration $ 82,704 $101,318 
Technical Activities .. .. 49,042 54,985 
Chapter Operations ..... 68,326 79,924 
General Publications 18,246 22,069 
Special Publications ..... 5,353 3,502 
Ce re 20,542 28,904 
a a ee ee $244,213 $290,702 


Excess Income (or Expense) . .$182,613 ($ 56,573) 
The following figures showing Per Cent of Income by activi- 
ties may be of interest: 
Per Cent of Income from AFS Activities 





Two Years 
1951-52 1952-53 1951-53 
Membership Dues ....... 29.5% 47.6% 36.8% 
AMERICAN FOUNDRYMAN 25.9 41.3 32.1 
Conventions & Exhibit ... 38.4 1.6 23.5 
ED i aac apa 5.2 8.2 6.2 
OID co vcasecicais 1.0 1.3 1.4 





100.0 100.0 100.0 


A comparison of Income and Expense per member in the 
past two non-Exhibit years shows the following: 





1950-51 1952-53 

Total M/S on June 30 ........ 9,340 11,033 
NN ois SiSsatdhcwnte $382,923.00 $507,426.00 
Income per Member ........ $ 40.99 $ 45.99 
Serre eee re ee $431,353.00 $563,999.00 
Expense per Member ....... $ 46.18 $ 51.11 


The above may be compared with two Exhibit years: 





1949-50 1951-52 
Income per member .......... $ 63.98 §$ 73.24 
Expense per member ......... 50.66 55.03 


Thus in the past two non-Exhibit years, both Income and 
Expense per Member have increased: Income by $5.00 per 
member, Expense by $4.93 per Member. 


1952-53 Balance Sheet 


The financial position of the Society on June 30, 1953, includ- 
ing all funds, was $57,198 better than one year ago, or an in- 
crease of 9.2 per cent. If we consider the General Fund alone, 
the increase over 1952 was $38,409, or 9.1 per cent. 

Cash decreased from $236,715 on June 30, 1952 to $80,300 on 
June 30, 1953, due to the following investments: 


Nov. 1952—$80,000 Cash invested with Harris Trust. 

Jan. 1953—$32,000 Cash from Canadian accounts in- 
vested with Harris Trust. 

May 1953—$35,000 Cash invested with Harris Trust. 

ere $147,000 Cash invested 1952-53 


It is believed that at least 50 per cent of the Cash on hand 
as of June 30 can also be invested, until 1954 Exhibit revenues 
commence in December. Also, provision should now be made, 
through authorization, to invest Exhibit receipts in short term 
notes as such receipts come in early next year . . . possibly in 
increments of $10,000. 

Investments (General Fund) increased from $220,600 on 
June 30, 1952 to $332,761 this year. In this connection, atten- 
tion is called to the AFS policy of a reserve fund “equal to 
average annual expense over the previous four years, subject to 
review every two years.” The reserve fund is still 33.6% or 
$168,696 below the investment policy goal. 

The four Fund Principals of the Society are analyzed in the 
auditor’s report and show a total of $679,973 or $57,198 more 
than the total of $622,775 one year ago. 


Conclusion 


The Society’s finances appear to be in good shape for the 
close of a non-Exhibit year, with the Fund Principal (exclusive 
of Awards, Building and S&H&AP funds) totaling $459,226 
against $268,349 at the close of the previous non-exhibit year 
1950-51. Close control of expenditures by the Secretary-Treas- 
urer is advisable, through renewed cost-consciousness by all staff 
members responsible for expenditures. 


Respectfully submitted 


Won. W. MALOoneEy, Treasurer 








FINANCIAL STATEMENTS 


Condensed Statement of Income 


and Expense 
(All Expenses Distributed to Major Activities) 


Fiscal Years July |, 1951 - June 30, 1953 





INCOME 


Membership Dues ...... 


General Publications ............... 


Special Publications 


AMERICAN FOUNDRYMAN ............ 
Conventions & Exhibits (1952-1953) ... 


TOTAL INCOME 


Membership Service 


DE, eat c heck bapead che Habana 
Other Technical Activities ......... 


General Publications 
Special Publications 


AMERICAN FOUNDRYMAN ............ 


Chapter Operations 


Conventions & Exhibits (1952-1953) ... 
General Administration ............ 


Retirement Expense ... 
Safety & Hygiene & Air Pollution 


eB rer ere 


TOTAL EXPENSE 


pe A ee 
TOTAL, ERPENGE ......ssecss 


Excess Income Over Expense 


-. Sh eene? 


..$ 106,389.74 


Total Income 
Per cent 


Amount 


.. $394,242.63 
kj 25,608.78 
-- 56,796.78 
.. 461,900.44 


291,752.00 


$1,230,300.63 


32.0 
2.2 
4.6 

37.5 

23.7 





100.0 


lotal Expense 
Per cent 


Amount 


.. $ 60,191.74 
a 54,851.71 
ea 49,175.46 


65,923.98 


v 65,652.45 
.. 405,042.39 
.. 148,249.84 


137,935.59 
85,955.41 


19,650.20 


.$1,123,910.89 


. $1,230,300.63 


$1,123,910.89 


5.4 
4.9 
4.4 
5.9 
5.8 
36.0 
13.2 
12.3 
7.6 
2.8 


1.7 


100.0 





As of June 30, 1950-51-52-53 


Comparative Condensed Balance Sheets 
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ASSETS 
Ey Pron area ie aha 4 Oe CK Re aie 
Investment Securities ......... 
en oe Sane do oe wale 


Accounts Receivable ....... 


Detesred & Prepaid Items ............000 


Furniture & Fixtures (net) 
Land and Building ....... 


MEG RSs bake deneends 


LIABILITIES 
Cyrrent Liabilities ....... 


Deferred Income ............. 
Reserve for Exchange ......... 
Pum Primcipgis .............. 


WE. sizard buvwvanesas 


June 30, 1950 


$229,497.13 
118,805.60 
35,354.99 
22,011.00 
31,530.03 
16,451.18 





$453,649.93 


$ 24,867.45 
108,081.29 





$20,701.19 
$453,649.93 


Note: Includes all Awards, Building, and Safety & Hygiene funds. 


June 30, 1951 
$103,913.45 


308,805.60 
27,817.59 
49,975.09 
$1,258.11 
15,858.16 





$537,628.00 


$ 19,736.66 
109,735.45 
1,344.30 
406,811.59 


$537,628.00 


June 30, 1952 





$297,608.34 
330,600.00 
32,470.00 
46,376.91 
34,378.06 
15,559.74 


$756,993.05 


$ 13,771.93 
120,446.02 


622,775.10 


$756,993.05 


June 30, 1953 








$129,920.33 
448,761.14 
39,667.57 
37,662.98 
12,950.68 
14,616.25 
24,341.01 


$707,919.96 


$ 27,946.24 








679,973.72 
$707,919.96 











1. Membership 


During the past year, AFS membership reached a new high 
total of 11,033 or a net gain of 967, approximately 9.6 per cent 
over the total of 10,066 on June 30, 1952. The budget estimate 
for 1952-53 was 11,000 members, showing a continuing upward 
trend. The work of the Chapters is pointed up by the fact 
that the 11,000 goal was set in anticipation of new Chapters 
which did not materialize. 

The membership gain was in almost all classes: Sustaining 
up 2, Company up 19, Personal up 338, Affiliated up 581, Stu- 
dent & Apprentice up 19. Only the Associate class lost (1), a 
class including educators and perhaps showing again the need 
for emphasis on education. The gain of 338 in Personal mem- 
bers is encouraging again, since from this Class comes an in- 
crease in Company memberships, through conversions. 

Membership gains and losses for five years: 

1948-49 1950-51 1951-52 1952-53 





Members gained (all Classes) 1,755 2,316 2,909 1,947 
Members lost (all causes) 2,095 2,158 2,049 980 
Net Gain (or Loss) (340) 158 860 967 
Avg. gain (Loss) per Month (28.3) 13.2 71.7 81.0 
Total as of June 30 10,063 9,206 10,066 11,033 


Rate of Turnover 20.8% 234% 203% 8.9% 

In the past year, 1,533 delinquents were dropped, and 968 or 
63 per cent were reinstated. To us, this is most encouraging evi- 
dence of greater Chapter attention to holding existing members 
as well as gaining new ones. It is perhaps the major reason why 
the Membership Chairman of 21 Chapters received “Target 
Certificates” this year, against 18 last year and 8 the year before. 
The certificates were awarded to all Chapters who made their 
targets on June 10 (prior to the Chapter Officers Conference) 
as well as on June 30. 

Targets are considered as totals only and are not based on 
classes of membership. More effort will be made in 1953-54 to 
dramatize target efforts, by posters to display at monthly Chap- 
ter meetings, and in AMERICAN FOUNDRYMAN. 

As recommended to the Board last year, and approved, Cana- 
dian bank accounts for membership dues have been closed out 
and all Canadian members now pay their dues direct to Chicago. 


2. Chapters 


One new regular Chapter (Mid-South at Memphis, Tenn.) 
and one new Student Chapter (University of Wisconsin) were 
established during the past year. The Brooklyn Polytechnic 
Institute Chapter, installed in January 1953, was established in 
June 1953 and so announced. Total regular Chapters today, 42; 
total Student Chapters, 14 (including the inactive Chapter at 
University of Minnesota). 

During the past year, President Wagner attended four of the 
nine Regional Conferences held, and Vice-President Carter at- 
tended five, including the Northwest and California Confer- 
ences. A compilation of Chapter visits (according to our infor- 
mation) by Officers, Directors and Staff shows that all but 6 
Chapters were visited at least once during the year. 

The 10th Annual Chapter Officers Conference was held at the 
Sherman Hotel, Chicago, June 18-19, with a total attendance of 
102, including 81 Chapter delegates representing all 42 Chap- 
ters, including the new Mid-South Chapter. All but 5 Chapters 
had at least two delegates present, and 2 had three delegates. 
The total included 38 Chairman, 36 Program Chairman, 5 Secre- 
taries and/or Treasurers. Chairman Collins L. Carter presided 
and 4 National Directors attended, 5 less than in 1952, which 
in turn was attended by less Directors than in 1951. 

Last year we recommended to the Board, and the Board ap- 
proved, splitting the Conference into two meetings: in June 
for Program Chairmen only, and in September for Chairmen 
only. The idea was to concentrate on subjects of interest to 
each group and further acquaintanceship. However, when the 
proposal was announced at the Conference in June, the entire 
attendance voted for continuance of the present single Confer- 
ence for Chairmen and Program Chairmen jointly. The Board 
should determine at this meeting its course for 1954, but we 
believe that the Conference motion practically amounts to a 
mandate, at least for the present. 

During the year 9 Regional Conferences were held by a total 
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of 23 participating Chapters: Michigan, All-Canadian, Ohio, 
Purdue, Northwest, Southwest, California, Wisconsin, and 
Southeastern. The All-Canadian, Southwest and California con- 
ferences will not be held in 1953-54. A Niagara Frontier Con- 
ference at Buffalo (6 Chapters participating) is scheduled for 
September. A Metropolitan-Philadelphia-Chesapeake Confer- 
ence may be held, but has not yet been announced. The New 
England Regional Conference (non-AFS) again will be held 
in October. 

All major foundry areas in the U. S. and Canada now have 
established Chapters, with the exception of New England, Pitts- 
burgh and two or three areas in Pennsylvania. AFS services to 
members in these areas must continue to be less than to others 
until Chapters are formed there, and these non-Chapter mem- 
bers necessarily will be more vulnerable to loss in the event of 
a business recession. 


3. Convention 


A total of 3,528 attended the 57th Annual Convention of 
AFS in Chicago, May 4-8, the largest attendance on record for 
any non-exhibit year. This compares with registration records 
of 2,617 in 1951 and 1,953 in 1949. The registration fees of 
$2.00 for Members and $5.00 for non-Members were charged 
in 1953 and no complaints were recorded. Over 1,800 were reg- 
istered in advance of the meeting, another new high, compar- 
ing with 1,330 in 1951. A record total of 276 ladies also regis- 
tered, compared with 199 in 1951. 

No complaints on housing were recorded this year and the 
Sherman Hotel rendered outstanding cooperation in spite of 
construction difficulties. Outside of the lobby, the Sherman 
delivered all and more of what was promised. 

It is apparent that expected local foundry attendance at a 
non-exhibit Convention is not being obtained (at least it was 
not in 1953), either in firm representation or average number 
of persons per company. The average in Chicago proper was 
3.5 per foundry, and 2 in the Chicago area. Since this Conven- 
tion program was essentially of practical value, it is obvious 
that these non-exhibit Conventions must be better sold to 
foundry management, especially “host Chapter” management. 

The local Convention Committees under the general chair- 
manship of F. B. Skeates, and of Chapter Chairman John Owen, 
gave the Society excellent cooperation in staging the 1953 an- 
nual meeting. The Ladies Committee under co-chairmanship 
of Mrs. B. C. Yearley and Mrs. R. P. Schauss provided an out- 
standing program of entertainment. Numerous compliments 
have been received on the smoothness with which the Conven- 
tion was run, thanks largely to the efforts of Technical Director 
Massari. 

The technical program was an excellent one throughout, and 
many sessions were exceptionally well attended, although some 
of the evening shop operation courses were not too well at- 
tended. The Annual Lecture was presented before a full house 
and was an outstanding contribution. The Annual Banquet, 
held at the Morrison Hotel, served over 700, another non-exhibit 
year record, and the hotel went overboard in accommodations, 
service and the spectacular pouring of flaming brandy for the 
dessert. 

Awards were presented at the Banquet in the same time- 
saving manner as in 1952, and the same procedure should be 
followed hereafter. The Alumni Dinner was held in the tradi- 
tional “stag’’ manner, as requested by numerous Alumni, and 
probably will be so continued. The Canadian Dinner as usual 
was well attended, and some thought is being given in Canada 
to inviting ladies to these functions in the future. 

In view of our 1953 experience, we strongly urge that all 
future non-exhibit Conventions be of 5-day duration, with the 
Banquet Wednesday night, so as to allow more time for per- 
sonal discussions and conferences, as well as for the technical 
program. No list of registered attendance is prepared for non- 
exhibit years, requests for such lists being too few to justify the 
printing expense. 

4. American Foundryman 


The year 1952-53 was a productive one for AMERICAN Founp- 
RYMAN in terms of editorial organization and acceptance, but a 
disappointing one in terms of advertising revenue. As announced 
to the Board meeting in March, the editorial staff has been 
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increased to three (H. F. Scobie, H. J. Wheelock, G. J. Minogue) 
and greatly strengthened, with duties and responsibilities much 
better defined. The policy of “planned content” is now being 
carried out. The appointment of Associate Editors is to be 
accomplished in some manner acceptable to all. 

The advertising income budget for 1952-53, which followed 
the 3-year budget established in July 1950, was approved on 
the basis of an excellent year in 1951-52 and in the belief that 
progress in the first two years would give AMERICAN FOUNDRYMAN 
the impetus it needed to make the third year of the budget, 
admittedly high. This belief apparently was too optimistic, for 
display advertising grossed $197,000 instead of a budgeted 
$216,000. Total advertising pages increased from 664 to only 
675, instead of 796. 

Results for the 3-year budget period are both noteworthy 
and commendable, by any magazine standard. In three years’ 
time we have increased advertising gross by 84.1 per cent (from 
$107,000 to $197,000), and increased the number of advertising 
pages annually by 60 per cent (from 425 to 675). 

\s announced in March, certain steps have been taken to 
overcome the factors that resulted in failure to make the budget 
this year. The magazine now is reaching every foundry in the 
U. S. and Canada, monthly. The mailing date of the magazine 
is being advanced by two weeks so as to place AMERICAN Founpb- 
RYMAN in a better position with regard to inquiries received 
from advertising. New advertising rates become effective for all 
after the September 1953 issue. Steps are being taken to make 
the activities of AFS better known in the advertising profes- 
sion. Our sales representatives are now more experienced and 
this experience should prove its worth in terms of 1954 advertis- 
ing contracts, especially approaching an exhibit year. 

rhe circulation of AMFRICAN FOUNDRYMAN (i.e., membership) 
will continue to be audited by the Audit Bureau of Circula- 
tions (A.B.C.), in the belief that paid circulation is in general 
superior to free distribution. 


5. Building Project 

During the past year the log-jam which impeded building 
progress was broken and land acquired in DesPlaines, Ill. How- 
ever, plans drawn up to that time were discarded by the Build- 
ing Action Sub-Committee during the 1953 Convention, and F. 
C. Riecks was designated in charge of all engineering details to 
work out specifications with the AFS Technical Director and 
the architect. Specifications and drawing now are complete and 
will go out for bids soon to reputable contractors. We expect 
to occupy the completed building in June 1954. 

To date a total of $148,761.93 has been raised for the Build- 
ing Fund. In May 1952 the Board agreed to make up the dif- 
ference between funds raised and the actual cost of the project, 
up to an all-inclusive maximum of $200,000. It is now evident 
that the total cost will surpass the maximum set by the Board, 
to an amount unknown at this time but estimated at between 
$25,000 and $40,000. At the same time, the Secretary has been 
instructed to institute a strong campaign to raise additional 
funds for the building, this campaign to be concluded as far as 
possible in advance of December 31, 1953. 


6. General Administration 

During the year seven Policy Committees met and made 
recommendations which were approved by the Board at meet- 
ings in November 1952 and March 1953. Thus established poli- 
cies now are in effect and in the form of a “Policy Manual.” 
Each member of the Board has received a copy of these polli- 
cies, which they might well take with them when visiting Chap- 
ters during the coming year. 

Three meetings of the By-Laws Committee were held during 
the year in an effort to revise the Society’s by-laws in accord- 
ance with experience since the last revision (July 1948) and the 
recommendations of the Board Reorganization Committee, ap- 
proved by the Board in March 1953. The complete recom- 
mendations for revisions as prepared by the By-Laws Committee, 
differing somewhat from the Board’s recommendations last 
March, will be presented at this meeting for approval, following 
which they will be submitted to the Society's membership for 
letter ballot approval. 

Several important Staff changes have taken place during 
1952-53: Technical Director S. C. Massari resigned effective 
July 1, 1953, to become General Manager of the Foundry Divi- 
sion of Hansell-Elcock Co., Chicago. To replace him, Hans J. 
Heine was employed as Assistant Technical Director and acting 
as technical director, beginning June 29. The employment of 
H. J. Wheelock as Managing Editor, and G. J. Minogue as Pro- 
duction Assistant on AMERICAN FOUNDRYMAN have already been 
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mentioned. H. F. Scobie has been made Technical Editor, to 
concentrate solely on the technical content of the magazine, 
and the Secretary has assumed temporarily the directional title 
of Editor. 

7. Safety and Hygiene and Air Pollution 

While covered in a separate report, certain aspects of the 
Safety & Hygiene & Air Pollution program may be mentioned. 
Contributed funds to date total approximately $75,000 and 
strong effort must be made to advance the fund, which now is 
sufficient for two years’ operation at the rate maintained during 
1952-53. It is not intended to commence strong solicitation 
until (a) one or both of the manuals on Dust & Ventilation 
and on Air Pollution are available for distribution, and (b) 
the authorized solicitation of additional Building funds has 
been terminated. 

As a result of foundry health conferences held at the Uni- 
versities of Illinois and Wisconsin, two symposia have been 
published for the program, and widely distributed. A number 
of other important publications are in the making, but in 
several instances the committees are doing a “pioneering” job 
and the work cannot be hastened unduly. It should be pointed 
out that the cost of publications produced under the SkH&AP 
program are charged to General Funds, in order to conserve 
S&H&AP funds. 

During the year, the program sponsored several safety train- 
ing courses in Chicago, but the attendance at these, as well as 
the attendance at the two university symposia previously men- 
tioned, was much less than expected. No further safety train- 
ing courses will be authorized without more tangible advance 
evidence of local support. 

Admittedly, the program needs far more publicity to foundry 
management before the goal of $350,000 is raised from the in- 
dustry. While this is only one phase of the Society's need for 
additional and continuous publicity, it is intended to partially 
overcome this disadvantage during the coming year. 


8. Technical Activities 
During the coming year it is our aim to concentrate on our 
present technical activities, rather than initiate new programs. 
For example, the approximately $35,000 now being spent on 
research should be increased as soon as possible to $50,000 or 
more in keeping with AFS functions as a technical activity. 


9. Publications 

Technical pyblications of AFS are covered separately in the 
report of the Technical Director and in minutes of the Publi- 
cations Committee. However, certain general problems associ- 
ated with publications may be mentioned here: 

(1) AFS has listed for sale, for several years, publications of 
foundry interest published by others, on the same discount 
basis as AFS publications are sold by commercial book dealers. 
Thus we carry publications of AIME, Penton, SAE and ASM. 
During the past year we added the “Malleable Handbook” of 
Malleable Founders’ Society. Negotiations are under way to 
handle cost manuals of Gray Iron Founders’ Society. 

(2) Special publications of AFS cover Sand, Patternmaking, 
Education and Training, Costs, Safety & Hygiene, Gating, Cast- 
ing Defects, Statistical Quality Control, several Bibliographies, 
and Foundry Practice in Gray Iron, Malleable, Brass & Bronze, 
and Light Metals. The only AFS publication on Steel foundry 
practice will be out of print this year, with no plans to reprint. 

(3) Greater distribution of TRANSACTIONS is most desirable, 
requiring greater promotional effort. The present printing of 
1,500 copies is being increased, and our goal for this volume will 
be 2,500 copies sold annually, mostly on pre-publication sales. 
For example, all Company and Sustaining members (totaling 
1,494) should have a copy. 

All new AFS publications are recommended by the Publica- 
tions Committee, which body also sets pricing formulae for AFS 
publications. 

10. Recognition 

In reporting a year of intense activity and some real accom- 
plishments, great credit must be given to many: To the Presi- 
dent and Vice-President for constant willingness to consult on 
problems and attend important meetings; to the Directors for 
their cooperation in Chapter contacts work; to the Chicago Offi- 
cers for improved programs and aggressive membership work; 
and to the Divisions and Committees who stimulated all techni- 
cal activities and presented outstanding programs at the Chicago 
Convention. 

Respectfully submitted, 
Won. W. Matoney, Secretary 








REPORT ON SAFETY & HYGIENE & 


AIR POLLUTION ACTIVITIES 


(Fiscal Year 1952-1953) 


Since W. N. Davis became Director of the Safety & Hygiene 
& Air Pollution Program in May 1952, a great deal of develop- 
mental work has been carried on. Five working committees have 
been set up on Air Pollution, Dust & Ventilation, Safety, and 
Noise Abatement, plus a Welding committee which had been 
previously organized. All working committees have been hold- 
ing regular semi-monthly meetings, and each committee devel- 
oped a program at the 1953 Convention in Chicago. The 
Convention sessions were well attended, indicating interest in 
the Program. 

During the year Mr. Davis has made many trips out of town 
in working on technical and legislative problems, particularly 
as to Air Pollution, and studying important foundry installa- 
tions. Valuable contacts have been made with associated organi- 
zations, and at least two publictions issued covering symposia 
on foundry safety and health at the University of Illinois and 
the University of Wisconsin. 

Some detail of the work of the committees during 1952-53 is 
as follows: 

(1) Steering Committee—The Steering Committee last met 
October 14, 1952, at which time the Chairman of each working 
committee was made a member of the Steering group. A meet- 
ing of the Steering Committee is planned for early this fall 
and intends to meet twice a year to coordinate and recommend 
activities for the working committees. 

One important function of the Steering Committee is to re- 
view new published material prepared by the working commit- 
tees, before such material is published. 

(2) Safety Committee—This Committee has completed about 
75 per cent of the work involved in revising the booklet, “Rec- 
ommended Good Safety Practices for the Protection of Workers 
in Foundries,” which should be ready for early printing. 

During the past year two training courses were held in Chi- 
cago for foundry supervisors, entitled, “Fundamentals of Found- 
ry Safety.” While four courses were originally announced, lack 
of advance interest resulted in canceling two. Nevertheless, the 
Committee considers the courses successful and intends to con- 
tinue them during the coming year, so designing them that they 
can be put on as part of the educational activities of local 
Chapters. Several Chapters have indicated interest in presenting 
such a course for their members during the coming year. The 
courses will be prepared as a package, which may or may not 
require chairmanship by a member of the Central Office Staff. 

(3) Dust Control and Ventilation Committee—This Commit- 
tee has been most active, particularly on their main project, the 
developing of a manual on dust and ventilation control. The 
manual is now approximately 60 per cent complete. Photo- 
graphs have been provided and tables prepared by the Commit- 
tee personnel and drafting departments of their respective com- 
panies. These companies are to be commended for their help 
in advancing the work, which should also save considerable in 
the cost of production. The manual is expected to be ready for 
printing this fall. 

The Committee also cooperated with the McIntyre Research 
Foundation of Canada in developing information on the sub- 
jects of silicosis and aluminum therapy for the foundry in- 
dustry. 
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(4) Air Poliution Committee—This Committee has been hold- 
ing regular semi-monthly meetings in developing an air pollu- 
tion manual for the foundry industry. The outline of contents 
was completed last December, and while the work is constantly 
progressing, it is realized that the Committee is pioneering on 
a subject concerning which there is much opinion and relatively 
little factual data that would warrant publication by AFS as a 
technical society. An approximate date of publication for this 
manual is not at present established and some research and 
many field trips to air pollution installations may have to be 
made before the job can be finished as it should. 

Meanwhile the Committee has produced one pamphlet on air 
pollution and, due to pressure of the industry for information 
on air pollution control methods in the metal melting opera- 
tion, is now working on a second pamphlet dealing with this 
subject. This pamphlet is expected to be produced soon, after 
which the Committee will resume full-scale work on the air 
pollution manual which they predict will take one or two 
years more to produce. 

(5) Noise Abatement Committee—While it might be said that 
this Committee was started because of a desire not to actively 
promote insistence upon control methods, the industry seems 
now to be showing more interest in the subject. The Commit- 
tee has developed some information on foundry noise abate- 
ment which will be developed for publication only under the 
direction of the Steering Committee. At the same time it will 
be available to any foundry requesting it from the Committee. 

(6) General—Certain general problems concerning the Safety 
& Hygiene & Air Pollution Program might be brought to the 
attention of the Board at this time: 

(a) The budget of the Program for 1953-1955, to be presented 
for the new Board July 24, does not include any major expendi- 
ture beyond those of the past year, at least for the current fiscal 
year. However, it is expected that certain broader expenditures 
may be incurred in 1954-55 and the budget for that year wiil 
necessarily be subject to revision. 

(b) During the past years the number of requests for talks 
on S&H&AP subjects was not as extensive as in the previous 
year, which has enabled Mr. Davis to do considerable necessary 
contact work. Neither have there been too many requests for 
private plant consultation. As originally announced, we do not 
intend to set up a consulting service, but the fact remains that 
there are not today any known and fully qualified consultants 
to render this assistance, outside of those manufacturing equip- 
ment and supplies for sale to the foundries. AFS probably can- 
not fully escape some semi-consulting service in the future. 

(c) It is intended that no concentrated solicitation of Safety 
& Hygiene funds will be made until the current Building Fund 
solicitation is discontinued, so as to avoid duplicating our fund- 
raising activities. We do not feel that the SkH&AP Fund solici- 
tation should be actively pressed until either or both the Dust 
& Ventilation manual and the Air Pollution manual have been 
published, as concrete evidence of the Program’s work and 
worth. 


Respectfully submitted, 
Wo. W. MALoney, Secretary 
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ANNUAL REPORT OF TECHNICAL ACTIVITIES 


(Fiscal Year 1952-1953) 


The following progress report has been prepared covering 
the period beginning July 1, 1952 and ending June 30, 1953: 


General 


Each year at this time it has been our practice to take careful 
inventory so as to eliminate committee members who are in- 
active and consider the appointment of new ones to take their 
place. When this information has been received, we will then 
be in a position to proceed with the compilation of the new 
roster. 

Based upon the number of new special publications which 
have been published within the last year, and which are actively 
in process of preparation, and the unusual interest exhibited at 
the last Convention in the various technical sessions, there can 
be litthke doubt that interest in the technical affairs of the 
Society is at an all-time high. 

It is also important to note that the Cupola Research Com- 
mittee has now been reorganized on a sound basis with H. 
Bornstein as Chairman. Under the guidance of Mr. Bornstein, 
we are certain that it will perform to the satisfaction of the 
entire membership. It has already undertaken the task of pre- 
paring a revised edition of the Cupola Handbook, and plans to 
have this manuscript completed by the first of the year. 


Research 


A complete report giving pertinent information as to the 
present status of Society-sponsored research projects has been 
prepared and transmitted to the Research Committee and the 
Board of Directors, comprising Messrs. Seelbach, Dietert, Fladoes 
and Troy. This Committee reviewed the recommendations con- 
tained therein and has made their recommendations to the 
Board of Directors covering appropriations which will be re- 
quired for the coming fiscal year. A copy of this report is 
appended hereto. 


Convention Program 


The success of our 57th Annual Meeting can hardly be ques- 
tioned, based upon the unusual attendance at all technical 
sessions and the hizh quality of technical papers presented. 
Of a total of 96 papers offered, 87 were approved by the Pro- 
gram and Papers Committees for presentation. Of the papers 
presented, 34 were preprinted and 10 were published in the 
February, March and April issues of AMERICAN FOUNDRYMAN. 
In addition, 10 were preprinted and made available for distri- 
bution at the sessions, 

Nearly 4000 individual requests were received from members 
for varying numbers of preprints. Preprinting of Convention 
papers is an important service to the membership and, in addi- 
tion to fulfilling the basic obligation of disseminating worth- 
while technical information, represents one of the several gratis 
services to our members. 

A total of 78 official functions were scheduled during the 
Convention, exclusive of committee meetings. It would be our 
recommendation that technical sessions be terminated at noon 
of the last day of the Convention, rather than extend them 
into the afternoon and do an injustice to the authors who pre- 
sent their papers to a diminishing audience. 

As a result of considerable discussion during the Technical 
Correlation Committee meeting, it is also recommended that 
during the 1954 Annual Convention a sufficient number of tape 
recorders be rented so as to record pertinent discussion during 
the course of sessions. This will provide a convenient and time- 
saving method for subsequently preparing a worthwhile record 
of the discussions. 

In view of the relatively poor attendance at the Educational 
Dinner for several years, it is our recommendation that this be 
scheduled as a luncheon rather than a dinner function at future 
Conventions. 


Publications 


The annual Transactions for 1952, Vol. 60, comprising ap- 
proximately 900 pages, was published during December 1952 
to all who had ordered it on a pre-publication basis. A total 
of 1339 copies were shipped, of which 219 were supplied gratis 


to Honorary and Sustaining Members of the Society on request. 
A total of 1500 copies were produced, providing additional ones 
for stock which are being sold at a post-publication price of $8 
per copy to members, $15 to non-members. The pre-publication 
price was established by the Board Publications Committee, 
namely $6 to members and $15 to non-members. ; 

As a matter of interest and to give a definite measure of th 
extent of the subsidy necessary to produce the Annual Trans- 
actions, this volume cost the Society $12.81 per copy in out-of- 
pocket expense, exclusive of staff time consumed in editing and 
production, Because of the cost of this publication, we probably 
have been overly conservative in the number produced. For the 
past two years our supply has been completely exhausted within 
six months after the volume was available. It is recommended, 
as a service to members and particularly new members who 
might like back volumes, that the number published be in- 
creased by at least 100 copies. 

During the fiscal year the following publications were pro- 
duced and offered for sale: 


Symposium on Air Pollution. 

A Study of the Principles of Gating (reprint). 

Patternmaker’s Manual. 

Statistical Quality Control for Foundries. 

Risering of Gray lron—Research Report No. 2 (reprint). 

Recommended Names for Gates and Risers (booklet). 

Recommended Names for Gates and Risers (wall chart). 

Glossary of Foundry Terms. 

Health Protection in Foundry Practice. 

Safety Practices for Protection of Workers in Foundries. 

Classification of Foundry Cost Factors (reprint). 

Foundry Core Practice, 2d edn. (2d edn.) (reprint). 

Charles Edgar Hoyt Annual Lecture, 1952. 

Guide to Authors (reprint). 

Symposium on Foundry Safety, Health and Air Pollution. 

This represents the largest single year’s publication program 
in a number of years. A great deal of credit is due the indivi- 
dual committees responsible for preparation of the manuscripts. 

The following books are also in process of preparation by the 
various committees and individuals responsible for them: 

Transactions, Vol. 61 (1953). 

Charles Edgar Hoyt Annual Lecture, 1953. 

Code of Recommended Good Practices for Metal Cleaning 
Sanitation (reprint). 

Index to Transactions—1941-1950. 

Symposium on Sand Reclamation. 

Time Study & Methods Manual. 

Gray Iron Research Report No. 4. 

Die Casting Methods (to be translated under royalty con- 
tract with the German publishers). 

A Study of the Principles of Vertical Gating. 

Symposium on Molding Machines. 

Recommended Practices for Precision Investment Casting. 

The Cupola and Its Operation (revision of Cupola Hand- 
book). 

Cast Metals Handbook (revision). 

Sand Research Committee 8-L Progress Report. 

College Foundry Textbook. 

Recommended Practices for Sand Casting of Light Alloys. 

Foundry Research Projects (revised). 

Manual on Design and Stress Analysis (Light Metals Division). 


It is particularly gratifying to report that publication sales 
this year are markedly above those of last year. These increased 
sales are the result of a number of new publications and im- 
proved sales effort. Even though the production of these books 
represents a large financial outlay, they likewise become an im- 
portant source of revenue under present pricing policies. 


Technical Inquiries 


These continue to be an important service at National Head- 
quarters, answers reflecting the best available information at 
our disposal and compatible with the amount of time available 
to investigate all sources. During the past year 391 technical 
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inquiries were received. We again emphasize the importance 
of having a full-time, qualified librarian as a member of the 
staff so that these replies may be as comprehensive as they could 
be with definite references prepared by a librarian. 


Apprentice Contest 


This year the Society again sponsored successful Apprentice 
Contests in the fields of Wood Patternmaking, Metal Pattern- 
making, and Molding of Light Metals, Copper-Base, Gray Iron 
and Steel. A total of 269 entries were received from 92 com- 
panies and 10 Chapters, the largest number of entries since 
1949. Greater participation in the Contest is largely dependent 
upon the interest and activity in individual Chapters, who in 
many instances, are not sufficiently conscious of the contest and 
the need for careful selection of a Chairman and committee 
members responsible. 


Speaker List 


In order to be of assistance to the Chapters in preparing good 
technical programs, a new list of speaker possibilities is made 
available each year to all Chapter officers and representatives 
who attend the Chapter Officers Conference, as well as to others 
on request. Each year the revision of this list is based in large 
part upon the Speaker Evalution Reports received from the 
Chapters during the year, so as to avoid continued listing of 
speakers who have failed to perform acceptably. New speakers 
of real merit are added when the list is revised each year. 


AFS Film Directory 


As an additional service to Chapters, we have again prepared 
a new and completely revised list of film covering subjects which 
may be of interest to the Chapters and which are known to be 
available. 

The AFS color-sound film on “Effects of Gating Design on 
Casting Quality,” the third film resulting from research spon- 
sored by the Society at Battelle Memorial Institute unde: 
direction of the Light Metals Division, will again be made 
available on a rental basis to our Chapters and other organiza- 
tions. As in the past, a rental fee of $20 will be charged for 
each showing, with the exception of educational institutions. 
This film had its premier showing at the International Foundry 
Congress in 1952 and has been loaned to 51 groups. 

In closing, the writer wishes to express his deep appreciation 
to the Board of Directors, to all members of the technical com- 
mittees, and to the National Office Staff, who in the past 714 
years have been responsible for developing the technical activi- 
ties of the Society to their present state. In leaving the Society 
on June 30 of this year, the writer will miss many of these 
friendly associations and wishes to express sincere gratitude to 
all who have been so helpful. 


APPENDIX—AFS-Sponsored Research Projects 


Brass and Bronze Research—The Society entered a coniract 
with the University of Michigan in December of 1947, to develop 
information on the value of the fracture test as an indication 
of melt quality of tin bronzes. It was hoped that this research 
would provide a satisfactory basis of interpretation for the 
fracture test and thereby supply an inexpensive, rapid and de- 
pendable test to serve as a measure of the quality of molten 
bronze before it was tapped from the furnace and poured into 
the mold. 

The contract was in force for three years, involving a total 
expenditure of $15,000. It was terminated at the end of the 
third year to provide time for foundries to actually utilize the 
test and report on results obtained. At the present time the 
Committee still feels that this has not as yet been accomplished 
and steps are being taken to further publicize the test and solicit 
the cooperation of foundrymen. Until such time as appropriate 
evaluation has been made in the Foundry itself, the Committee 
is neither in a position to ascertain whether additional work 
should be done on this project, or a new project initiated. 

It is recommended that until such determinations have been 
made, no funds be specifically appropriated at this time for 
Brass and Bronze research, with the express understanding that 
if during the year the Committee is in a position to make 
definite recommendations and funds are needed, the Board give 
consideration to making this money available at that time. 

Cupola Research—For the first time in several years we are 
able to report definite progress by the Cupola Research Com- 
mittee. We have been fortunate in obtaining H. Bornstein as 
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Chairman and because of his experience and keen interest in 
this project, we are certain that real progress will be made. Ot 
the total sum originally received from donors, $6180.88 still re 
mains unexpended. 

The Committee met on June 3-4 this year, at which time they 
made detailed plans for preparation of a completely revised 
edition of the “Handbook of Cupola Operation” and it is 
planned to complete the manuscript by approximately January 
1, 1954. If this is achieved, it will be a genuine accomplish- 
ment and a worthwhile contribution to the Industry. 

The Committee will take inventory later to determine if it 
wishes to undertake a research project, specifically delineated, 
including the mode of accomplishment, funds required, as well 
as a recommendation to the Board of Directors as to how such 
funds should be acquired. At the last meeting of the Commit- 
tee, unanimous approval was given to the expenditure of a 
nominal sum, namely $200 maximum, to defray the cost of 
stenographic services by the Chairman in preparing various 
materials for the committee charged with the preparation of 
the revised edition of the book. 

Gray Iron Research—The research on “Risering of Gray 
Iron Castings” was initiated in December 1949 at the Massa- 
chusetts Institute of Technology and has as its fundamental 
purpose the development of basic information on the risering 
of gray iron castings so as to achieve solidity and maximum 
casting yield. Up to the present time a total of $20,000 has 
been expended to cover this work and it is believed that a 
sum of $5000 should be appropriated by the Board for another 
year’s work, beginning December 1953, if at that time the Gray 
Iron Research Committee can justify a continuation of the 
investigation from results obtained between now and that time. 

An Annual Progress Report covering this research was pre- 
sented during the Annual Convention in May, creating a great 
deal of interest. This is now available from the Society as 
“Gray Iron Research Report No. 4.” 

Heat Transfer Research—The Heat Transfer Research being 
conducted at Columbia University for a number of years under 
the direction of Dr. Victor Paschkis for the Heat Transfer 
Committee, is creating increasing interest on the part of 
foundrymen, as evidenced by the growing attendance at sessions 
before which these progress reports are presented, as well as 
other papers on the same subject originating from others in 
the foundry field whose interest has been sufficiently stimulated 
to cause them to do worthwhile exploratory work. 

Although previous appropriations have only been $2000 per 
year, last year the Board approved an expenditure of $4000. For 
reasons already enumerated, and the work planned for the 
coming year, an appropriation of $4000 is again recommended 
for this fiscal year. 

Light Metals Research—The original contract for this project 
was executed in October 1947 with Battelle Memorial Institute, 
for a capital sum of $5000 for one year’s work. In succeeding 
years it was deemed necessary to increase the Society's contri- 
bution to $6500 and this amount has been made available each 
year since then. In addition, Battelle has contributed $1500 of 
its Own money each year. 

The project comprises a fundamental study of the dynamics 
of flow of metal into a mold. Up to last year the work was 
confined to a study of horizontal gating systems; during the 
past year and at present, efforts are being devoted to a similar 
study of vertical systems. In addition to annual Progress Re- 
ports at the Annual Conventions, three motion picture films 
have been produced to portray these fundamental behaviors. 
It is presently anticipated that a fourth film wil! be available 
for the Annual Meeting in 1954. During the past year the 
Technical Director of the Society has personally presented this 
film before 22 Chapters of the Society. A rapidly growing inter- 
est is evidenced, based upon the extent to which foundrymen 
have applied its findings in the foundry and quickly learned 
the benefits to be derived. 

There is little doubt that no other single activity of the 
Society has created a greater degree of interest on the part 
of the members than these research progress reports and the 
motion picture films. Even though the research is being di- 
rected by the Light Metals Division, it is fundamental in 
character and of equal interest to all other branches of the 
industry. 

Battelle Memorial Institute has again agreed to subscribe 
$1500 toward this project and, with an additional $6500 which. 
should be appropriated by the Society, an amount of $8000 will 
again be available for the coming year’s work. 
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REPORT OF THE TECHNICAL DIRECTOR 


Malleable Research—Since December 1950 the Malleable Re- 
search Committee has sponsored a research project at the Uni- 
versity of Wisconsin, comprising a fundamental study of the 
effect of melting conditions, primarily furnace atmospheres, on 
the behavior of the resulting malleable iron. A total of $18,000 
has been expended on this research up to the present time. 

Three annual research progress reports have been presented 
at Annual Conventions. For the past two years $6500 a year 
has been made available for this project. Continuation of the 
research is recommended by the committee, as the result of a 
unanimous vote at its meeting June 12. Numerous instances 
are on record where foundrymen have found the findings of 
this investigation of real practical value in meeting everyday 
problems. In view of the foregoing, it is recommended that the 
Board of Directors include a sum of $6500 to continue this 
investigation for one year, beginning in December 1953. 

Sand Research—The oldest Society-sponsored research is the 
sand investigation conducted at Cornell University for a number 
of years. Although up to a year ago the work was largely 
fundamental and confined exclusively to behavior at elevated 
temperatures of two or three sands, the work has now been 
extended to include sand mixtures actually being utilized in 
the foundry so as to establish the effect of various commonly 
used additives. The investigation has been expanded to include 
not only laboratory tests but also the making of actual test 
castings in an endeavor to correlate laboratory test information 
with actual behavior in a mold. 

By expanding this investigation to include commercially used 
foundry sand mixtures, the dilatometer which has been in use 
for a number of years proved to be inadequate, both because 
of its original design and normal wear through constant usage. 
As a result, the Chairman of the Board Research Committee, 
W. L. Seelbach, approved an expenditure not to exceed $1500 


Xxill 


for rehabilitation of this equipment, since its replacement with 
a new dilatometer would amount to in excess of $4000. 

Again this year, a complete progress report covering this 
research was presented at the Annual Convention of the Society. 
It is recommended that the Board of Directors approve a sum 
of $5000 to continue this research, as well as to approve the 
$1500 expenditure which was made for the repair of the dila- 
tometer. 

Steel Research—The Steel Research was initiated in May 
1948 at Armour Research Foundation and continued at that 
institution until last year, when it was decided that the investi- 
gation should proceed by requesting the assistance of seven co- 
operating foundries to actually conduct the hot-tear test under 
operating conditions. The enthusiasm and results obtained 
have been gratifying. Since the work has been done at the ex- 
pense of the cooperating foundries, the only Society money 
spent on this project during the past year was for the core 
boxes, which were made at Society expense and supplied to 
each of the foundries. 

A preliminary progress report resulting from this cooperative 
effort was presented by the Chairman of the Committee during 
the 1953 Annual Convention. Each of the foundries is continu- 
ing to work and it is believed that within the next few 
months some worth-while information will be developed. 


Since no immediate need for funds can be foreseen, it is sug- 
gested that no fiscal appropriation be authorized. If, however, 
during the course of the year the Committee either determines 
that it would like to initiate a new research or requires funds 
for the prosecution of the present one, it is suggested that the 
Board at that time give favorable consideration to their request. 


Respectfully submitted, 
S. C. Massari, Technical Director 


5-Year Comparative Membership Report 
As of June 30, 1949-53, Inclusive 





June 30, 1949 


June 30, 1950 


June 30, 1951 June 30, 1952 June 30, 1953 





Sustaining Members ...........---sseeeees 221 
Company Members ...........-cccssscees 1,380 
Se. caw eneomeetamewes 7,508 
Student & Apprentice Members ........... 430 
Honorary Life Members ................. 69 
International Members .............- 7 eee 455 

SE eres erry re 10,063 
New Members, 12 Months ................ 1,755 
Resignations ........ccccccssesccccccccecs 303 
Delinquent Dropped .............-...... 1,759 
Removed by Death ...........---+++e+e0- 33 
Net Gain (Loss) for Year ................ (340) 

Members in Chapters ..........1..+--.. 9,253 


197 186 i91 193 
1,229 1,218 1,259 1,278 
6,571 6,836 7,574 8,471 

550 499 501 567 

75 71 79 84 

424 396 429 440 
9,046 9,206 10,033 11,033 
1,787 2,316 1,850 1,947 

484 319 193 265 
2,286 1,807 813 565 
34 32 17 32 
(1,017) 158 827 967 
8,306 8,534 9,320 10,272 
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XXIV 
AFS Membership Distribution 
Personal Personal Student & 

Chapter Sustaining Company Personal (Affiliate) (Associate) Apprentice Honorary Total 
ND isi 55 65.95 15s tea e neaa hes 6 29 78 164 7 5 3 292 
es. Calan deen gala ee 0 ll 26 21 6 2 0 66 
I ed 5 o's a pia ae cea eeSe l 27 36 96 0 0 0 160 
ee wae ele aewate 2 8 30 135 2 7 l 185 
RR ee ee 5 34 51 164 4 10 ] 269 
SD II, bias Wioweiea aide sessed 1 13 45 121 7 0 0 187 
Ee 2 Fad cece kawanweewers l 28 60 89 3 0 0 181 
CED, Fg utiedvacdiabasecewcaee 3 20 62 87 5 0 3 180 
ED tire cie'scrks <x wdlbias- ee ecw ao One 3 22 58 40 36 1 8 168 
Pa aeee a enh die Rican eens awe ome 23 90 215 414 7 20 7 776 
it a Ee JOR SE Ie rape ik Re 12 48 91 121 7 3 3 280 
Ns li ated ciacs ag buses i oreleis aun & 0 8 15 56 2 0 0 81 
Saat SSNs Sadie eich a Wee mie 10 45 147 254 15 2 10 483 
a os vie se sad wea nee 6 43 70 185 20 13 0 337 
I I 6%, 6 i aloe alee nee eel avates 1 14 24 67 6 0 0 112 
IN <a ivceesspede ew emaonees 9 67 166 174 28 10 7 461 
25 c.wewrd sav esienieweneee 0 5 33 21 0 4 0 63 
eae ee ere ce cere aan Od 2 29 67 225 3 l 0 327 
EE ee ere ee 0 10 8 38 0 0 0 56 
I i a ar ee i an lg a l 6 45 9 2 ] 0 64 
re 21 77 142 394 14 8 9 665 
NN I nso: <'a-dserwinin e's diwiealadiirers 4 21 100 89 7 1 0 222 
Te MPR ase ac wade cceccacicese 3 18 24 73 l 0 1 120 
enim dh goad annee kes 2 23 52 84 ] l 0 163 
io ea hea coh ot he aed epwne 5 68 129 167 3 1 2 375 
Lad ou CES abw 08 co hedegieba kaos 2 8 27 76 8 0 0 116 
. ghickcgedmadgene enudeuwe> 14 45 119 144 9 8 4 338 
CE ciakacsvers tab cce car hesneee 5 35 53 158 3 2 2 258 
I i ie red ee rah 1 9 33 47 l 0 0 91 
CE nk wie dcceeeeraeadenaice 5 16 17 221 2 13 3 277 
et ENE sc cceeeccceecenes 1 35 121 125 8 4 0 299 
asc cadnwemsnamhse hams 4 49 150 97 15 1 0 316 
EOE ae 0 16 49 83 2 2 0 152 
ol eas ae wien g aah eo walbe wade dame 4 30 69 75 6 1 2 187 
IIR cite anna eave 6b eew einem eas l 6 29 24 4 1 0 65 
Perk dow dialale ie wb Sech hme ak wae ace l 18 28 72 l l 1 122 
is ca oo Co elias maeee manne s 0 12 56 34 2 0 1 105 
a6 ihde Cee ed. e ea aeiee wa 5 24 69 71 8 $ 1 181 
I . cctitcnnttavisvecaeeegces 0 6 37 8 ll 0 l 63 
ME PINES << on cccev cdssseseces 2 29 45 172 4 : 1 255 
Ce Mn Sac tcckeicwneadns 0 40 83 102 3 6 1 235 
RN yd 9 sc earned ow nee eran 18 76 110 336 10 10 5 565 

TOTAL REGULAR CHAPTERS ........ 184 1213 2869 5133 278 144 77 9898 
STUDENT CHAPTERS 
Massachusetts Institute of Technology .. — — — l l 25 — 27 
Michigan State College ............... — - — _ 39 _ 39 
Missouri School of Mines ............. _— _ one cone 8 35 — 38 
Northwestern University .............. oe om — a _— 4 —_ 4 
Ohio State University ................. — — _ — — 18 — 18 
Oregon State College .........6..005... — — — — — 15 — 15 
Pennsylvania State College ............ _ — — — — 33 — 33 
Polytechnic Institute of Brooklyn ...... — — — — — 16 — 16 
I oo dren So, care Menace n'p GN arden ‘tai ane — — _ 13 —_ 13 
University of Alabama ............... — = — — — 20 — 20 
NN OMEN Oi ove oes G eases — — — — — 62 — 62 
University of Michigan ...........:... — — — — — 56 _ 56 
University of Minnesota (Inactive) ..... — — — — — 10 — 10 
University of Wisconsin .............. ae — —_ _ one 23 om 23 
TOTAL STUDENT CHAPTERS ......... — _— —_ 1 4 369 — 374 
"PTAE, AES, COUAPTEME . «ow 205. cc nae’ 184 1213 2869 5134 282 513 77 10,272 
as Saw eat pe sNews 2:50 & OSA 0 23 389 8 20 15 2 457 
EID oS ee 9 65 103 53 30 2 5 267 
Members in Military Service .......... — — — — — — — 37 
ie ee erry ee 193 1301 3361 5195 332 530 84 11,033 
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Minutes 


Special Meeting 1952-53 Board of Directors 
Edgewater Beach Hotel, Chicago—July 28, 1952 


(1) ROLL CALL: 
President I. R. Wagner, presiding 
Vice-President Collins L. Carter 
Present: 

Directors: 

(Terms expire 1953) 
J. J. McFayden 
W. L. Seelbach 
F. W. Shipley 
James Thomson 
E. C. Troy 


(Terms expire 1954) 
H. W. Dietert 
J. T. MacKenzie 
M. J. O'Brien, Jr. 


(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 


Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 


Absent: 
Directors: A. L. Hunt 
A. M. Ondreyco 
J. O. Ostergren 
(2) President Wagner took the chair and announced his in- 
tention to carry on vigorously the policies and activities set up 
by the previous Board of Directors, and asked the cooperation 
of all Directors and Staff members to that end. He announced 


that it was his intention as President to continue the policy of 
holding meetings of the Executive Committee only in cases of 
emergency requiring immediate decision, and that it would not 
be his intention to screen through the Executive Committee 
first, all subjects to be discussed in regular meetings of the’ 
Board. 

(3) The President then announced that the purpose of the 
special meeting was strictly for organization of the Executive 
Committee of the Board, in compliance with the Society’s by- 
laws. He asked the Directors to vote by secret ballot for selec- 
tion of four members of the Board to serve, together with the 
President and Vice-President Carter, as an Executive Committee 
of six members under the by-laws. As a result of the balloting, 
the 1952-53 Executive Committee was announced as follows: 

President I. R. Wagner, Chairman 
Vice-President Collins L. Carter 
Director and Past-President Walter L. Seelbach 
Director H. W. Dietert 
Director M. A. Fladoes 
Director F. W. Shipley 
There being no further business to be considered, the meeting 
was declared adjourned. 
Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 
Approved: 
I. R. WaGcner, President 
September 4, 1952 





Minutes 


Special Meeting 1952-53 Executive Committee 
Edgewater Beach Hotel, Chicago—July 28, 1952 


(1) ROLL CALL: 
President I. R. Wagner, presiding 
Vice-President Collins L. Carter 

Present: 

Director and Past-President Walter L. Seelbach 
Director H. W. Dietert 

Director M. A. Fladoes 

Director F. W. Shipley 

Secretary-Treasurer Wm. W. Maloney 

(2) The By-Laws of the Society (Art. X, Secs. 1-9) were read, 
describing the method by which the Nominating Committee 
shall be appointed to fulfill its functions for the election of a 
Vice-President and new Directors of the Society at the 1953 AFS 
Convention. 

(3) The names of various candidates were presented from the 
lists submitted by 21 eligible Chapters, it being reported that 6 
eligible Chapters had not submitted the names of candidates 
and that 13 Chapters were ineligible under the By-Laws. 

(4) In accordance with the By-Laws, 7 members were ap- 
pointed by the Executive Committee to form, together with 
Past Presidents Walter L. Seelbach and Walton L. Woody, the 
1952-53 Nominating Committee, as follows: 

Chairman—Past-President Waiter L. Seelbach, President, Su- 

perior Foundry, Inc., Cleveland. 

Past-President Walton L. Woody, Vice-President, National 

Malleable & Steel Castings Co., Cleveland. 


J. W. Horner, Jr., Vice-Pres., Slack-Horner Brass Mfg. Co., 
Denver, Colo. (Rep. Timberline Chapter and Brass & 
Bronze) 

r. T. Lloyd, Vice-Pres., Albion Malleable Iron Co., Albion, 
Mich. (Rep. Central Michigan Chapter and Malleable) 

W. D. McMillan, Met., International Harvester Co., Chicago. 
(Rep. Chicago Chapter, and Gray Iron and Malleable) 

Earl M. Strick, Fin. Supt., Erie Malleable Iron Co., Erie, Pa. 
(Rep. Northwestern Pennsylvania Chapter, Malleable and 
Gray Iron) 

Porter Warner, Jr., Vice-Pres., Porter Warner Industries, Inc. 
Chattanooga, Tenn. (Rep. Tennessee Chapter and Supplies) 

E. G. White, Plant Engr., Crouse Hinds Co., Syracuse, N. Y. 
(Rep. Central New York Chapter, and Gray Iron and Alum- 
inum & Magnesium) 

J. A. Wotherspoon, Pres., J. A. Wotherspoon & Son Ltd., 
Oakville, Ontario, Can. (Rep. Ontario Chapter and Gray 
Iron) 

There being no further business to be considered, the meeting 
was declared adjourned. 
Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 
Approved: 
I. R. WAGNER, President 
September 4, 1952 
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Minutes 


First Meeting 1952-53 Board of Directors 
Edgewater Beach Hotel, Chicago—July 29, 1952 


(1) ROLL CALL: 
President I. R. Wagner, presiding 
Vice-President Collins L. Carter 
Present: 

Directors: 

(Terms expire 1953) 
J. J. McFadyen 
W. L. Seelbach 
F. W. Shipley 
James Thomson 
E. C. Troy 


(Terms expire 1954) 
H. W. Dietert 
J. T. MacKenzie 
M. J. O’Brien, Jr. 


(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent: 
Directors: A. L. Hunt 
A. M. Ondreyco 
J. O. Ostergren 


(2) Election of Secretary-Treasurer 


On recommendation of a Nominating Committee comprising 
Vice-President Carter as Chairman, Directors Seelbach and Mac- 
Kenzie, the incumbent Secretary-Treasurer, Wm. W. Maloney 
was declared re-elected for the fiscal year 1952-53. 


(3) Fixing of Salaries and Compensations 


In executive session, with members of the Staff excluded, the 
Board of Directors established salaries and compensations for 
various members of the National Office Staff for the fiscal year 
1952-53. 


(4) Budget of Estimated Income and Expense 


The Treasurer presented a Budget of Estimated Income and 
Expense covering the fiscal year 1952-53, as recommended by 
the Finance Committee. Each item was discussed in detail in 
the light of the two-year budget established in July 1951. On 
motion duly made, seconded and carried, the Budget of Esti- 
mated Income and Expense for 1952-53 was approved. 


(5) Standing and Special Committes 


At the request of the President, motion was duly made, sec- 
onded and carried, authorizing the President to appoint stand- 
ing and special committees in accordance with the By-Laws 
(Art. VII, Sec. 5). 


(6) National Castings Council Representatives 


The President recommended, and on motion duly made, 
seconded and carried, the Board approved the appointment of 
Vice-President Carter to serve with President Wagner as the 
two AFS representatives to the National Castings Council. The 
Secretary was instructed to notify the Secretary of the Council 
accordingly. 


(7) Recommendations of 1951-52 Board of Directors 


(a) Safety & Hygiene and Air Pollution. The Secretary re- 
viewed briefly steps toward the raising of $350,000 as a ten-year 
goal for the Safety & Hygiene and Air Pollution Program, stating 
that a total of approximately $42,000 had been contributed to 
date. He requested certain revisions in the method of solicita- 
tion and on motion duly made, seconded and carried, the Secre- 
tary’s recommendations were approved. 

(b) Building Project. No standing recommendations of the 
1951-52 Board. The Secretary announced that, in accordance 
with approval of the Board voted in December 1951, the Secre- 
tary had employed an Administrative Assistant in the interest of 
advancing the Headquarters Building Project. 

Past-President Seelbach recalled action by the Board of Direc- 


tors in meeting May 4, 1952, authorizing the use of AFS reserve 
funds for financing of the Building Project to conclusion, to a 
maximum total cost of $200,000. He urged that the Board, at a 
later date, discuss fully a method for reimbursing the General 
Reserve Fund for any withdrawals made on behalf of the 
Building Project. 

(c) Recommendations of the Technical Director. Certain rec- 
ommendations of the Technical Director were considered and 
actions taken as follows: 

(1) The Technical Director pointed out that increased 
work 1 the casting of titanium alloys had suggested the 
advisability of changing the name of the Aluminum and 
Magnesium Division to the Light Metals Divison, so as to 
include titanium. Without motion, the Technical Director 
was requested to work out with the Division involved a 
proper name and acceptance thereof. 

(2) The Technical Director requested authority to con- 
tinue the use of voluntary recorders rather than stenotype 
reporters at technical sessions of the 1953 Convention. Rec- 
ommendation accepted on motion duly made, seconded and 
carried. 

(3) The Technical Director pointed out that recommen- 
dations of the Publications Committee, and the Budget of 
Income and Expense for 1952-53 as approved by the 
Board, did not include the expense of publishing a compre- 
hensive list of Sand Abstracts prepared from all issues of 
TRANSACTIONS to date, and urged that this publication be 
included. Director MacKenzie suggested microfilming of 
the material in lieu of publication. The Technical Director 
then indicated that he would endeavor to work out some 
arrangement with the Crerar Library of Chicago whereby 
the material might be reproduced and made available for 
AFS use. 

(4) The Technical Director requested permission to pub- 
lish the roster of National Committee Personnel annually 
instead of biennially, in view of constant changes occurring. 
Without vote, it was agreed that the recommendation was 
acceptable. 

(5) The Technical Director suggested that some discus- 
sion might be held on limiting the number of Annual 
Convention preprints, such as the assignment of a certain 
number of preprints to each Division. He pointed out that 
the preprint cost at the 1952 Convention had exceeded 
$11,000. Brief discussion followed with no action taken to 
change the previous method of printing and distribution. 

(d) Distribution of Financial Statements. The recommenda- 
tion of retired Director Sefing was discussed, calling for distribu- 
tion of comprehensive financial statements to the membership. 
The Directors agreed that the membership should be kept bet- 
ter informed of the Society's finances, but suggested that state- 
ments of Income and Expense should cover two-year periods. 
It was also pointed out that Balance Sheets and Condensed 
Statements of Income and Expense are published annually in 
the TRANSACTIONS. 

(e) Annual Lecture. Motion by Director Eagan calling for 
the establishment of rules and regulations for the Charles 
Edgar Hoyt Annual Lecture was discussed and, without vote, 
the matter referred to the President for further discussion with 
the Annual Lecture Committee. It was the consensus that a 
better definition of the purpose of the lecture and the selection 
of lecturers was worthwhile. 

(f) Recommendations of the Finance Committee. The follow- 
ing recommendations of the Finance Committee, associated with 
and/or contingent upon the Estimated Budget of Income and 
Expense for 1952-53, were acted upon by the Board of Directors: 

(1) Recommendation that the method of accounting for 
dues income and dues refunds to Chapters, on an accrual 
basis since 1949, be discontinued as recommended by the 
Staff and the Society’s auditors, and that a cash accounting 
basis be re-established effective July 1, 1952. Recommenda- 
tion approved on motion duly made, seconded and carried. 

(2) Recommendation that the Society’s three presently 
maintained bank accounts with the Royal Bank of Canada 
at Montreal, Toronto and Vancouver, established for the 
deposit of Canadian member dues in Canadian funds, be 
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discontinued and unused cash in such accounts be employed 
in accordance with the approved investment policy of the 
Society. Recommendation approved on motion duly made, 
seconded and carried, the Secretary to notify the Canadian 
Chapters accordingly. 

(3) Recommendation that registration fees for the 1953 
Convention in Chicago be the same as in 1951-52, namely, 
$2.00 for members and $5.00 for guests, with the usual pro- 
vision for advance registration of Company and Sustaining 
member employees at the member rate. Recommendation 
approved on motion duly made, seconded and carried. 

(4) Recommendation that unused cash in the Society's 
general fund as of June 30, 1952, be disbursed as follows: 
(a) Sufficient amount to be retained in cash for operating 
funds during the 18-month period, July 1, 1952-January 1, 
1954, amount to be determined by the Finance Committee; 
and (b) balance to be invested in accordance with the 
approved investment policy of the Society. Recommenda- 
tion approved on motion duly made, seconded and carried. 

(5) Recommendation that commissions for AMERICAN 
FOUNDRYMAN advertising representatives be revised, effective 
with the July 1952 issue. No Board action, the matter being 
left to the discretion of the Secretary. 

(6) Recommendation that the 1954 Chapter Officers Con- 
ference be held as two separate meetings, Program Chair- 
men to be invited to a June 1954 meeting, and Chapter 
Chairmen to be invited to a September 1954 meeting, both 
on an expense-paid basis as in the past. Recommendation 
approved on motion duly made, seconded and carried, with 
the understanding that AFS Directors would be invited 
primarily to attend the September meeting with Chapter 
Chairmen. Action included holding the 1953 Chapter Offi- 
cers Conference on the same basis as in 1952. 

(7) Recommendation that ladies entertainment activities 
at the 1953 Convention of the Society be returned to “Host 
Chapter” responsibility, subject to agreement by the Chicago 
Chapter. No Board action, the matter being left for devel- 
opment by the Secretary. 

(8) Recommendation that the Student Delegate Plan, in- 
augurated at the 1952 International Foundry Congress un- 
der joint sponsorship of AFS and the Foundry Educational 
Foundation, be continued biennially in exhibit years in 
accordance with plans to be worked out jointly by AFS and 
F.E.F. Recommendation approved on motion duly made, 
seconded and carried, subject to development of F.E.F. 
agreement and cooperation. 

(9) Recommendation that the Society apply immediately 
for reclassification under the Internal Revenue Code of 
1937 from Section 101 (7) to Section 101 (6), in the interest 
of income tax considerations of contributors. Recommenda- 
tion approved on motion duly made, seconded and carried, 
with the understanding that the effect of such reclassifica- 
tion on the AFS Retirement Plan t-e studied with reference 
to Social Security coverage, with possible future recommen- 
dations thereon. 

(10) Recommendation that the Safety & Hygiene and Air 
Pollution Program, for purposes of accounting, be charged 
with all direct salaries of full time Program employees, and 
a conservative proportion of other salaries and burden 
items; and that the expense of SkH&AP Program publica- 
tions, and the income from sales thereof, be accounted for 
within the general funds of the Society. Recommendation 
approved on motion duly made, seconded and carried. 

(11) Recommendation that display advertising rates in 
AMERICAN FOUNDRYMAN be studied by the Secretary in terms 
of increased publication costs toward the end of specific 
recommendations to the Board of Directors at the Novem- 
ber 1952 meeting of the Board. Recommendations accepted, 
without vote. 

In addition to the above recommendations and actions, the 
following instructions were given the Secretary: (l) That a 
statement of AFS finances be prepared for use by the Directors 
in their visits and talks to Chapters during 1952-53; (2) That a 
statement defining the purposes of the Charles Edgar Hoyt An- 
nual Lecture be prepared for approval by the Board of Directors 
at the November 1952 meeting. 

(g) Recommendations of the Finance Policy Committee. Rec- 
ommendations of the Finance Policy Committee, adopted in 
meeting July 10, 1952, were presented and discussed in detail. 
Actions taken by the Board of Directors have the effect of es- 
tablishing financial policies of the American Foundrymen’s So- 
ciety, superseding any previous informal policies in effect due 
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to precedent and use. Approved by the Board of Directors on 
motion duly made, seconded and carried. 

(Note: All AFS established policies, as adopted, are shown 
elsewhere in this volume of TRANSACTIONS.) 

In addition to the above actions, the Board of Directors, 
without vote, expressed the following as closely associated with 
the establishment of financial policies: 

(a) It was the consensus of the Board that no permanent 
long-range financial policy for the Society need be estab- 
lished at this time, the purposes of such long-range plan- 
ning being considered adequately covered by the policies 
herein established. 

(b) The Board of Directors strongly urged that a “Manual 
of AFS Policies” be developed by the Secretary following 
approval of policies by the Board of Directors, and that 
such manual include definite information on the initiation 
of new policies and the revision of policies previously 
established. 

(h) Recommendations of the Technical Policy Committee. 
Ihe Technical Policy Committee submitted for consideration by 
the Board of Directors a recommendation that certain sections of 
the present AFS by-laws, and certain existing practices accepted 
as policy by use and precedent, should be set down and ap- 
proved by the Board of Directors as established policies. In 
view of the fact that the report of the Technical Policy Com- 
mittee was not in the form of specific recommendations, no 
action was taken by the Board. It was the consensus that spe- 
cific recommendations should be taken up by a Technical Policy 
Committee and submitted for approval, as established policies 
of the Society, at a nearby meeting of the Board of Directors. 

Concluding the discussions regarding Society policies, Past- 
President Seelbach urged the Secretary to set up policy com- 
mittee meetings in the near future so that as many policies as 
possible could be determined by the Board of Directors at the 
scheduled November 1952 meeting. 


(8) Approval of Resolutions 


The Secretary requested Board approval of the following 
resolutions required for conducting the affairs of the Society, 
and on motion duly made, seconded and carried, resolutions 
were approved as follows: 

(a) Resotvep that resolutions required by the Harris Trust & 
Savings Bank of Chicago, authorizing the withdrawal of Society 
funds, are hereby approved and the Secretary authorized to 
certify thereto. 

(b) ResoLtvep that checks for the withdrawal of funds de- 
posited in the name of the Society with depository banks, in- 
cluding all General Checking Accounts and Interest Savings 
accounts, and for the disposition of all securities held in the 
various funds of the Society by the Trust Department of the 
Harris Trust & Savings Bank of Chicago, shall require the sig- 
natures of any two of the following Officers: President, Vice- 
President, Secretary-Treasurer, Technical Director. 

(c) REso_vep that the Secretary be authorized to maintain a 
safety deposit box in the name of the Society at the Harris 
rrust & Savings Bank of Chicago for the safekeeping of Society 
documents, and that any two of the following have authority 
to obtain access to such safety deposit box: President, Vice- 
President, Secretary-Treasurer, Technical Director. 

(d) ResoLvep that resolutions required by the Royal Bank of 
Canada, Montreal, Quebec, and by its subsidiary banks at 
foronto, Ontario, and Vancouver, B. C., establishing checking 
accounts in the name of the Society and authorizing the with- 
drawal of funds therefrom, are hereby approved and the 
Secretary authorized to certify thereto. 

(e) REsotvep that the Treasurers of the Eastern Canada, 
Ontario, and British Columbia Chapters of the Society are 
authorized to make deposits, in the Royal Bank of Canada and 
its subsidiary banks, of funds received from Canadian members 
in payment solely of membership dues in the Society, properly 
and promptly accounting for same to the Secretary of the 
Society. 

(f) Resotvep that checks for the witndrawal of funds depos- 
ited in the name of the Society with Canadian depository banks 
shall require the signatures of any two of the following Offi- 
cers: President, Vice-President, Secretary-Treasurer, Technical 
Director. 

(g) ResoLvep that the Treasurers of the Eastern Canada, 
Ontario and British Columbia. Chapters of the Society shall 
each give evidence to the Secretary of the Society of the exist- 
ence of Indemnity Bonds covering each of them individually 
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and separately, in amounts deemed satisfactory to the Society, 
premiums thereon to be paid by the respective Chapters. 

(h) Reso.vep that the Secretary be authorized to execute all 
contracts for the administration of Society affairs, subject to spe- 
cific approval by the Board of Directors. In the case of AFS- 
sponsored research projects, approval of the project by the 
Board of Directors includes authority for the Secretary to exe- 
cute contracts for performance of such projects on a bid basis. 

(i) Resotvep that the Secretary be authorized to reimburse 
traveling expenses for members of the Society in attendance 
at any regularly called Board of Directors, Executive Commit- 
tee, or Technical Committee meeting, with the following excep- 
tions: No expenses shall be paid to Directors or Committee 
members for attendance at meetings held during the week of 
the Annual Convention of the Society, unless specifically author- 
ized by the Board of Directors. When meetings are held in 
conjunction with other committees or associations, the Secretary 
is authorized to determine what portion of the expense of such 
attendance shall be paid by the Society. 

(j) Resovep that the Secretary be authorized to negotiate the 
compensations of necessary Staff employees below $6000 per 
year, and that Finance Committee approval be required on all 
compensations of $6000 per year or more. 

(k) Resotvep that Indemnity Bonds be maintained covering 
responsible financial officers of the Society as follows: (1) 
Blanket Position Indemnity Bond covering all Staff members in 
the amount of $5,000; (2) additional Indemnity Bonds in the 
amount of $15,000 each covering the Bookkeeping Staff; (3) 
additional Indemnity Bonds in the amount of $45,000 each cov- 
ering the Secretary-Treasurer and Technical Director; (4) addi- 
tional Indemnity Bonds in the amount of $20,000 each covering 
the President and Vice-President of the Society. All premiums 
for such Indemnity Bonds to be paid by the Society. 


(9) New Business 

(a) Chapter Contacts Committee. The Secretary was in- 
structed to prepare for Vice-President Carter, as Chairman of 
the Chapter Contacts Committee, a letter indicating items to be 
stressed by members of the Committee on Chapter visits, such 
letter to be developed prior to October 1. 

(b) Director Certificates. At the suggestion of Director Troy, 
the Secretary was instructed to proceed with the development of 
an appropriate certificate in recognition of the service of retir- 
ing Directors of the Society. 

(c) Chapter Request. The Secretary presented a request of 
the Northeastern Ohio Chapter seeking reimbursement in the 
amount of $300 covering over-expense in staging a reception in 
Cleveland on behalf of International Study Tour participants 
prior to the International Foundry Congress. It was pointed 
out that no other Chapter or local foundry group, participating 
in similar pre-Congress receptions, had made a similar request, 
and it therefore was the concensus of the Board that reimburse- 
ment could not be undertaken for one without doing the same 
for all. On motion duly made, seconded and carried, the Secre- 
tary was instructed to decline the request with regrets. 

(d) Bonding of Chapter Treasurers. The Secretary stated that 
a request had been made at the 1952 Chapter Officers Confer- 
ence that the Society consider blanket national bonding of all 
Chapter Treasurers and that he prepare information on the cost. 
It was the consensus of the Board that the national organization 
should not interfere with such internal affairs of the Chapters 
and, without vote, the Secretary was instructed to proceed ac- 
cordingly. 

(e) Centennial of Engineering. The Secretary presented a re- 
quest from the Centennial of Engineering, to be celebrated in 
Chicago in the fall, of 1952, for some fund or contribution to 
help defray expenses of the Centennial. Several Directors 
pointed out that a number of AFS member companies had been 
approached by the Centennial and had already agreed to con- 
tribute to the event either financially or by active participation. 
Without vote, the Secretary was instructed to notify the re- 
questing organization accordingly. 

(f) Saugus Iron Works. The Secretary presented briefly the 
suggestion of a member that AFS should consider participation 
in the restoration of the Saugus Iron Works in Saugus, Massa- 
chusetts, where the first casting in America was made. It was 
pointed out that the work now is being sponsored largely by 
the American Iron and Steel Institute in conjunction with the 
Historical Society of Massachusetts. The Directors declined to 
authorize financial participation at this time. 

(g) Offer of Medal Award. The Secretary reported conversa- 
tions held with past AFS Director Thomas W. Pangborn, who 
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had expressed willingness to consider the endowment of an 
AFS Medal Award, subject to approval by the Society. It was 
the firm consensus of the Board that Mr. Pangborn should re- 
ceive the thanks of the Society for his generosity and interest, 
and on motion duly made, seconded and unanimously carried, 
the President and Secretary were instructed to contact Mr. 
Pangborn on behalf of the Board of Directors. 

The Secretary pointed out that the by-laws are not entirely 
clear as to whether acceptance of proferred awards by the 
Society should be made by the Board of Directors or by the 
Board of Awards. It was the consensus of the Board of Directors 
that the initiation and acceptance of all Society awards is a 
province of the Board of Directors, but that the granting of all 
awards to members of the industry is a province of the Board 
of Awards. 

(h) 1955 Convention. Director Klein presented an official in- 
vitation from the Texas Chapter for AFS to hold the 1955 Con- 
vention of the Society in Houston, Texas. He pointed out the 
Texas Chapter had previously issued its invitation for 1953 but, 
in view of the selection of Chicago for that year, was now re- 
newing the invitation for 1955. The Secretary pointed out that 
similar desires for the 1955 Convention had also been received 
from the New England Foundrymen’s Association in Boston 
and the Eastern Canada Chapter of AFS in Montreal. Action on 
the three invitations was deferred until a later date. 

(i) Retirement Trustees. A letter from Past Director B. L. 
Simpson, as Chairman of the Retirement Trustees, was pre- 
sented recommending that the AFS Secretary-Treasurer be made 
a signator on bank resolutions for the withdrawal of funds in 
the Retirement Trust Account, two signatures of trustees now 
being required for all such withdrawals. Without vote, the 
matter was referred to the Retirement Trustees for decision 
and action. 


(10) 1952-53 Nominating Committee 


For the information of the Board, President Wagner reported 
that the Executive Committee, in special session the afternoon 
of July 28, had appointed seven members of the Society to 
serve with the two immediate Past Presidents as the 1952-53 
Nominating Committee, as follows: 

Chairman, Past-President Walter L. Seelbach, President, 

Superior Foundry, Inc., Cleveland. 

Past-President Walton L. Woody, Vice-President, National 
Malleable & Steel Castings Co., Cleveland. 

J. W. Horner, Jr., Vice-Pres., Slack-Horner Brass Mfg. Co., 
Denver, Colo. (Rep. Timberline Chapter and Brass & 
Bronze) 

T. T. Lloyd, Vice-Pres., Albion Malleable Iron Co., Albion, 
Mich. (Rep. Central Michigan Chapter and Malleable) 

W. D. McMillan, Met., International Harvester Co., Chicago. 
(Rep. Chicago Chapter, and Gray Iron and Malleable) 

Earl M. Strick, Fin. Supt., Erie Malleable Iron Co., Erie, Pa. 
(Rep. Northwestern Pennsylvania Chapter, and Malleable 
and Gray Iron) 

Porter Warner, Jr., Vice-Pres., Porter Warner Industries, Inc. 
Chattanooga, Tenn. (Rep. Tennessee Chapter and Supplies) 

E. C. White, Plant Engr., Crouse-Hinds Co., Syracuse, N. Y. 
(Rep. Central New York Chapter, and Gray Iron and 
Aluminum & Magnesium) 

J. A- Wotherspoon, Pres., J. A. Wotherspoon & Son, Ltd., 
Oakdale, Ontario, Can. (Rep. Ontario Chapter and Gray 
Iron) 


(11) Next Board Meeting 


President Wagner announced that the next meeting of the 
Board of Directors would be held November 17-18 at The 
Cloister, Sea Island, Ga., and that the Secretary in due time 
would seek reservation and attendance information from the 
members of the Board. 


(12) Schedule of Events 


The President presented, for the information of the Board, 
a Schedule of Official Events for the fiscal year 1952-53 and 
urged that all place the pertinent dates on their calendars. 
There being no further business to be considered, the meet- 
ing was declared adjourned. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 
Approved: 
I. R. WacGner, President 
September 4, 1952 
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Minutes 


Meeting of AFS Board of Awards 1952-53 
Minneapolis—September 29, 1952 


(1) ROLL CALL: 

Past President F. J. Walls, presiding 

Past President S. V. Wood 

Past President Max Kuniansky 

Past President W. B. Wallis 

Past President E. W. Horlebein 

Past President Walter L. Seelbach 

Wm. W. Maloney, Secretary 
Absent: Past President Walton L. Woody 

2. Chairman Walls called the meeting to order and expressed 
the pleasure of all at meeting with Past President Wood, and 
thanked him for extending the hospitality of his home for the 
meeting. Mr. Wood expressed his regrets that illness had pre- 
vented his attending recent meetings of the Board of Awards 
and stated his great pleasure in having the group meet in 
Minneapolis. 

3. The Chairman stated that the meeting was called for pre- 
liminary consideration of possible candidates for recognition, 
and announced that the regular meeting of the Board of Awards 
would be held in Chicago on Thursday, December 11. 

4, Minutes of the 1951 meeting on awards were read, as well 
as actions by the Board of Directors. It was pointed out that 
suggestions for revision of the Awards Manual had not been 
approved by the Board of Directors in two particulars: (1) 
Changing terminology to substitute the word “Candidate” for 
the word “Nomination” wherever the latter appears, and (2) 
eliminating the present provision in the By-Laws that actions 
of the Board of Awards must be approved by the-Board of 
Directors. 

5. It was pointed out that the Awards Manual calls for invit- 
ing nominations from the Board of Awards. Board of Directors, 
the Chairmen of the technical Divisions and General Interest 
Committees, the Chapters, and the membership (the latter 
through publication in AMERICAN FOUNDRYMAN). After consid- 
erable discussion, it was agreed that names of candidates for 
recognition at the 1953 Convention would be obtained from 
previous lists on file, and from additional names presented by 
the Board of Awards. 

It was the consensus that the present Awards Manual should 
be studied and revised in the light of experience with its use 
during the past three years. 

Members of the Board of Awards then submitted names of 
additional candidates to be considered at the December 11 
meeting. 

6. The Secretary presented information on an offer to endow 
a sixth Gold Medal of AFS and stated that, while the offer had 
been accepted by the Board of Directors, parallel favorable 
action by the Board of Awards seemed advisable. On motion 
duly made, seconded and unanimously carried, the Board of 
Awards took the following action: 


RESOLVED, that the Board of Awards of the Society sub- 
scribes whole-heartedly to the action of the AFS Board of 
Directors in acceptance of a sixth Gold Medal endowment 
on the same basis as other Gold Medal endowments of the’ 
Society. 

7. Following discussion as to the number of medal awards to 
be accepted by the Society, the following recommendation was 
made on motion duly made, seconded and carried: The Board 
of Awards unanimously recommends that Gold Medal awards 
accepted by the Society be limited to a total of six, and that 
future bequests and similar offers be directed toward the sup- 
port or founding of other activities or projects of the Society. 

8. The Board of Awards discussed the number of medal 
awards and life memberships to be bestowed in 1953 and on 
motion duly made, seconded and carried, determined Tuat not 
more than three Gold Medals should be awarded in 1953, and 
not more than three Honorary Life Memberships, including the 
AFS retiring President, be granted in 1953. 

It was agreed that all awards presented at the 1953 Conven- 
tion would be presented in the same manner as at the 1952 
Convention. 

9. Members of the Board of Awards expressed a desire that 
the present Certificate for Gold Medalists and Honorary Life 
Members be the same (large) size and made more attractive. 
The Secretary was requested to proceed accordingly. 

10. The Board of Awards recommended preparation of a 
standard form of plaque, statuette or similar device (but not a 
medal) for presentation to the Charles Edgar Hoyt Annual 
Lecturer. 

Without vote, the Board of Awards expressed its belief that 
selection of the Annual Lecturer should not be confined strictly 
to the AFS membership, and that the subject of the lecture need 
not be confined strictly to foundry subjects. It was the con- 
sensus that the lecture subject might well be of a technical 
nature in non-exhibit years, and of greater managerial appeal in 
exhibit years. 

11. It was agreed that, promptly after the December meeting 
of the Board of Awards, steps would be taken to develop a 
continuous investigation of likely award candidates, such investi- 
gations to be carried on by the Board of Awards and the AFS 
Presidential nominee, to the end that the Board of Awards 
alone will be responsible for detecting and considering award 
candidates. 

12. There being no further business to be considered, the 
meeting was declared adjourned. 


Respectfully submitted, 
Wo. W. MALONEY 
Secretary 





Minutes 


Meeting of A.F.S. Finance Committee 
Cleveland—October 28, 1952 


(1) ROLL CALL: 
Past President Walter L. Seelbach, presiding 
President I. R. Wagner 
Vice-President Collins L. Carter 
Secretary-Treasurer Wm. W. Maloney 
Technical Director $. C. Massari 
Harry L. Parker, Trust Dept., 
Harris Trust & Savings Bank 
Paul N. Mitchell, Trust Dept., 
Harris Trust & Savings Bank 
(2) Chairman Seelbach called the meeting to order and an- 
nounced the purpose of the meeting was to receive from the 
representatives of the Harris Trust and Savings Bank, Chicago, 
proposals for handling the investment of AFS surplus funds, 
as called for in the Finance policies of the Society, approved by 
the Board of Directors July 28, 1952. The Chairman introduced 


Messrs. Parker and Mitchell to make the presentation. 

(3) The members of the Finance Committee asked a number 
of questions concerning the proposed program, after which 
Messrs. Parker and Mitchell were excused. 

(4) Thereafter the Finance Committee expressed some satis- 
faction with the proposals presented by the bank representatives, 
but also expressed a desire to receive a similar proposal from a 
second investment counsel. The Secretary was instructed to 
arrange such a meeting with the Finance Committee and Trust 
Department officials of the Northern Trust Co. in Chicago on 
November 10, 1952. 

(5) There being no further business to be considered, the 
meeting was declared adjourned. 

Respectfully submitted, 
Wom. W, MALONEY 
Secretary 
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Minutes 


Fall Meeting 1952-53 Board of Directors 
Sea Island, Ga.—November 17-18, 1952 


(1) ROLL CALL: 
President I. R. Wagner, presiding 
Vice-President Collins L. Carter 

Present: 

Directors: 

(Terms expire 1953) 
J. O. Ostergren 
W. L. Seelbach 
F. W. Shipley 
E. C. Troy 


(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
J. T. MacKenzie 
A. M. Ondreyco 
(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S$. C. Massari 
Absent: 
Directors: J. J. McFadyen 
M. J. O'Brien, Jr. 
James Thomson 


(2) Reading of Minutes 


Minutes of the first meeting of the 1952-53 Board of Directors, 
held in Chicago, July 29, 1952, were read as a refresher, such 
minutes having been previously approved by letter ballot of 
the Board. Minutes of the Special Meeting of the Board and 
the Special Meeting of the Executive Committee, both held 
July 28, 1952, were referred to, but not read, both having pre- 
viously been approved by letter ballot of the Board. Minutes of 
the meetings of the Finance Committee held October 28 and 
November 10, 1952, were read and on motions duly made, sec- 
onded and carried, were approved. 


(3) Reports of Staff Officers 


(a) Report of the Secretary. The Secretary reported that 

membership of the Society on October 31 totaled 10,423, com- 
pared with 10,066 on June 30, 1952, leaving 577 members still 
to be obtained to reach the goal of 11,000 for the current fiscal 
year. He pointed out that 583 members had been added during 
the 4-month period, July-October, and a total of 226 members 
dropped for all causes, a net gain of 357. This compares with 
a net gain of 115 during the first four months of the previous 
year. 
' He stated that most Chapters were showing strong interest in 
membership targets, that five Chapters had exceeded their year’s 
targets by October 31, but that 10 Chapters were below their 
June 30 totals. The Directors were asked to stress membership 
in their Chapter contacts work. 

The Secretary stated that a new Chapter was imminent at 
Memphis, Tenn., the Mid-South Chapter, and would constitute 
the 42d regular Chapter of the Society. He also reported on 
Chapter possibilities in other sections of the country. 

On AMERICAN FOUNDRYMAN, the Secretary reported gross in- 
come of $80,672 for the 5-month period, July-November, 1952 
from 274 pages of advertising, compared with 224 pages and 
$60,600 gross for the same period a year ago, both representing 
new highs for comparable periods. 

The Secretary reported a total of $43,350 in contributions 
to the Safety & Hygiene and Air Pollution Fund to November 
1Z, and stated that the National Office was carrying on cam- 
paign direct with prospective contributors. He announced that 
new bases for contributions had been arranged, new brochures 
printed and distributed, and that the committees of the Pro- 
gram were all actively undertaking their assigned work. 

Brief reports also were presented on the Building Project, 
educational activities, staff organization and overall financial 
matters. 

(b) Report of the Treasurer. The Treasurer presented state- 
ments of Income and Expense, Balance Sheet, Publication Sales, 
and Official Travel and Expense for the period July 1-October 
$1, 1952. He pointed out that for the 4-month period, Income 
totaled $159,626.42 (forecast $146,480) and Expense totaled 


$181,714.20 (forecast $177,569.20) or an Excess Expense of 
$22,087.78 compared with the forecast of $31,089.20 Excess Ex- 
pense. Major variations in items of Income and Expense were 
discussed in detail, the conclusion being reached that the 
finances of the Society were well in hand as of October 31. 

Separate statement of income and expense for the SkH&AP 
Fund was also presented showing a balance of $25,544.95 on 
October 31 (total expense July 1-October 31, $4,455.45 net). 

(c) Report of the Technical Director, The Technical Direc- 
tor reported that the name of the Aluminum & Magnesium 
Division has now been changed to the Light Metals Division, 
as approved by previous action of the Board. He also reported 
publication and distribution of a new edition of the National 
Committee Personnel Roster. A report was presented on pro- 
gress of the 1953 Convention Technical Program and Apprentice 
Contests. Items of interest include sessions on Shell Molding, a 
Symposium on Sand Reclamation, and presentation of a Charles 
Edgar Hoyt Annual Lecture. 

On publications, the Technical Director reported that the 
1952 TRANSACTIONS of approximately 900 pages was nearing com- 
pletion with over 1000 copies ordered on _ pre-publication 
orders, 219 copies requested by Honorary and Sustaining mem- 
bers, and a total of 1500 copies in printing. He reported the 
completion of additional publications scheduled for completion 
during the current fiscal year. 

The Technical Director reported that work was being carried 
on in gray iron, heat transfer, light metals, malleable iron, sand, 
and steel research, and that a brass and bronze research project 
probably would be under way soon when approved by the 
Board. 

(4) Reports of Board Committees 

(a) Finance Committee. The Chairman stated that the Finance 
Committee had met in Chicago, October 28, to receive proposals 
from the Harris Trust & Savings Bank of Chicago’for the invest- 
ment of available AFS cash, as called for in the finance policies 
of the Society approved by the Board. Following that meeting, 
the Committee had a similar conference on November 10 with 
representatives of the Northern Trust Co. of Chicago. As a 
result, the Finance Committee unanimously selected the Harris 
Trust & Savings Bank to initiate the AFS investment program 
under the new finance policy, for investment of $300,600, in- 
cluding (a) $220,600 in U. S, Government securities, (b) $48,000 
in general reserve fund cash, and (c) approximately $32,000 
cash held in three Canadian bank accounts. 

On motion duly made, seconded and carried, the actions of 
the Finance Committee were approved by the Board of Directors. 

(b) Chapter Contacts Committee. Chairman Carter asked the 
Directors to report on their contacts with the Chapters and 
urged them to make their Chapter visits at the earliest possible 
date. He also requested that they continue to concentrate on 
membership and program activities. 

(c) Annual Lecture Committee. The Secretary pointed out 
that by Board action in July 1952, the Annual Lecture Com- 
mittee was requested to define its policies for approval from a 
Committee of the Board. Accordingly, the following recommen- 
dations of the Committee were presented: 

1. The Charles Edgar Hoyt Annual Lecture Committee shall 
select each year an individual to be honored with the prepara- 
tion and delivery of this Lecture during the Annual Convention 
of the Society. 

2. The Lecturer shall preferably be a member of the Ameri- 
can Foundrymen’s Society, but in any case shall be one associ- 
ated with the Castings Industry. 

3. In the non-exhibit years, this Lecture shall comprise some 
current technological problem within the Industry, and shall 
include new developments not yet publicly disclosed. 

4. In an exhibit year, the Lecture shall be of a managerial 
nature or covering broader technological advances in the In- 
dustry. 

5. Particularly in the case of a technical lecture, since it may 
involve the results of current research, the Committee shall 
select the Lecturer two years in advance of the time of delivery. 

6. The Committee recommends that the Board of Directors 
authorize the presentation through the Board of Awards of an 
Honorary Life Membership in the Society to the Lecturer, as 
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evidence to him of its appreciation. In the event this recom- 
mendation is accepted, the Committee feels that presentation 
of a Certificate should be made immediately following the Lec- 
ture, and the Honorary Life Membership presented at the time 
of the Annual Banquet when other honors are being bestowed. 

7. To impress the nominee of the honor involved, it is recom- 
mended that a member of the Committee personally visit the 
nominee to familiarize him with the importance and type of 
lecture the Committee desires, as well as other pertinent details 
relating thereto, including the final date for receipt of manu- 
script. 

It was the consensus of the Board that paragraph 3, should be 
altered to read: “In the non-exhibit years, this Lecture shall 
comprise some current technological problem within the Indus- 
try, and preferably shall include information not yet publicly 
disclosed.” 

On motion duly made, seconded, and carried, the policy rec- 
ommendations of the Annual Lecture Committee were accepted 
with the alteration indicated. 

It was pointed out that the Committee’s recommendation 
for granting Honorary Life Membership to the Charles Edgar 
Hoyt Annual Lecturer should be the subject of special action by 
the Board. Accordingly, on motion duly made, seconded and 
carried, the Board of Directors agreed to the conferring of 
Honorary Life Membership on the Annual Lecturer and in- 
structed the Secretary to so inform the Board of Awards. 

(d) Safety & Hygiene and Air Pollution. Chairman Shipley 
presented a progress report on the Safety & Hygiene and Air 
Pollution Program, particularly covering the work of the Steer- 
ing Committee and the Committees on Safety, Dust & Ventila- 
tion, Air Pollution, Welding, and Noise Abatement. He stated 
that additional subjects for working committees include the de- 
velopment of information on lighting, woodworking safeguards, 
and the labeling of dangerous materials. 

He announced that the first Foundry Safety Course had been 
held successfully in Chicago, November 6-7, and that the Safety 
Committee is revising the present Recommended Good Safety 
Practices for the Foundry Industry. They are also developing 
the script for a foundry safety film and preparing a program 
for the 1953 Convention. 

The Dust and Ventilation Committee announced production 
of proceedings of the conference held in April 1952 at the Uni- 
versity of Michigan, progress on a manual of dust and ventila- 
tion control, and co-sponsorship of foundry health seminars to 
be held at the University of Illinois and Wisconsin. 

For the Air Pollution Committee it was announced that pro- 
ceedings of the papers presented at the 1952 Convention would 
be made available in printed form. This Committee is prepar- 
ing a check list of foundry operations causing air pollution, is 
revising an air pollution survey, is working on a complete air 
pollution manual, and is preparing a separate program for 
the 1953 Convention. 

The Welding Committee has completed a code on welding, 
subject to review by the Steering Committee, although the code 
will not be produced under the name of American Foundry- 
men’s Society. A final “code” will then be issued as recom- 
mended good practice with its terminology revised. It was 
announced that a Noise Abatement Committee had been organ- 
ized to study sources of noise and control methods, but not for 
the present to publicly announce findings or recommendations. 

Director Shipley strongly urged that nothing be published by 
AFS in the nature of Safety & Hygiene and Air Pollution until 
it has first been approved by the Steering Committee of the 
program. Director Fladoes suggested the usefulness of a monthly 
foundry accident report. 

(5) Special Reports 

(A) Report of Technical Policy Committee. Recommenda- 
tions of the Technical Policy Committee, resulting from a 
meeting held during the 1952 Convention, were presented and 
discussed in detail. Actions taken by the Board of Directors 
have the effect of establishing the following technical policies 
of the American Foundrymen’s Society, superseding any pre- 
vious informal policies in effect due to precedent and use. 
Approved by the Board of Directors on motion duly made, sec- 
onded and carried, with the congratulations of the Board for 
a job well done. 

(Note: All established policies of the Society, as adopted, are 
shown elsewhere in this volume of TRANSACTIONS.) 

(B) Administration Policy Committee. Minutes of the meet- 
ing of the Administration Policy Committee held in Cleveland 
October 28, 1952, were read and discussed in detail. Actions 
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taken by the Board of Directors have the effect of establishing 
the following administration policies of the American Foundry- 
men’s Society, superseding any previous policies in effect due 
to precedent and use. Approved by the Board of Directors on 
motion duly made. seconded and carried. 

(Nore: All established policies of the Society, as adopted, are 
shown elsewhere in this volume of TRANSACTIONS.) 

(C) Housing Committee. The Secretary presented a detailed 
report on efforts to obtain a site in DesPlaines, Ill., for a Head- 
quarters Building of AFS. He stated that the suit to force re-. 
zoning of the property on Miner St. having been filed October 
7, 1952, the City of DesPlaines had responded on November 3 
and the hearing was scheduled in the Cook County Circuit 
Court for December 3. 

The Secretary also stated that suggestions had been made by 
certain AFS members in Michigan favorable toward a piece of 
property in Ann Arbor owned by one Dr. Owens and adjoining 
the proposed future engineering campus of the University. It 
was pointed out that since the original Housing Committee 
had determined to build a new building and to do so in the 
Chicago area, any consideration of purchasing the Owens prop- 
erty for remodeling at Ann Arbor, Mich., would have to be 
determined by a meeting of the full Housing Committee. 

The Secretary also recommended that effort be initiated by 
AFS to invite the Foundry Educational Foundation to obtain 
quarters in the new Headquarters Building of the Society, in 
view of the close relationship between educational activities of 
AFS and F.E.F. He stated that with the purchase of property 
and design of building now imminent, action should be taken 
promptly with F.E.F., if acceptable to the Board. 

After considerable discussion, motion was made, seconded 
and carried to table both the Ann Arbor and the Foundry Edu- 
cational Foundation proposals and suggestions. 

(D) National Castings Council. President Wagner presented 
a brief report on the meeting of the National Castings Council 
held in Cleveland, November 5, and stated that the Council 
members had reiterated their support of the Safety & Hygiene 
Program. Another item concerned a strengthening of the 
industry's representation in Washington under the new national 
administration. 

(1) 1953 Convention. The Secretary and Technical Director 
reported on various aspects of the non-Exhibit Convention to be 
held in Chicago, May 4-8, 1953. He stated that, as usual, the 
Alumni members would be asked to make their personal hotel 
reservations direct with the National Office, and that the Staff 
was seriously considering abandoning the use of a general hous- 
ing bureau for this annual meeting. 

(F) 1953 International Congress. The Secretary reported on 
development of several tours for American foundrymen desiring 
to attend the International Foundry Congress in Paris, Septem- 
ber 19-26, 1953, and stated that over 300 persons had indicated 
interest in the trip. He announced that Exprinter Travel Serv- 
ice, Inc. had been appointed the official tour agents and that 
all reservations and accommodations would be handled through 
them with no expense to the Society. 


(6) Old Business 


(A) AMERICAN FOUNDRYMAN Advertising Rates. The Secretary 
raised the question of advertising rates in AMERICAN FOUNDRY- 
MAN, reminding the Directors that action on rates had been 
tabled at the July Board meeting pending further investigation 
by the Staff. Following full discussion, motion was made, sec- 
onded and carried that the basic single insertion full page, 
black-and-white display advertising rates in AMERICAN FOUNDRY- 
MAN be increased by 20 per cent, other rates adjusted accord- 
ingly, the effective date to be left to the discretion of the 
Society Secretary. 


(7) New Business 


(a) Mid-South Chapter. The Secretary presented a petition 
for formation of a Mid-South Chapter of the Society at Mem- 
phis, Tenn., such petition being signed by 65 members of the 
industry and meeting all other requirements for a Chapter peti- 
tion. On recommendation of Director Hunt and the Secretary, 
motion was made, seconded and unanimously carried, approving 
the petition for formation of the Society's 42d Chapter. 

(b) Restoration of AFS Film. The Technical Director re- 
quested an appropriation not to exceed $1,000 for restoration 
of the second AFS film, “The Principles of Gating.” On motion 
duly made, seconded and carried, request approved. 

(c) F.E.F. Contribution. The Secretary presented,a letter re- 
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ceived from the Foundry Educational Foundation reporting 
action of the trustees for requesting all charter sponsors to con- 
tribute in some measure to the finances of the Foundation. 
Following discussion, on motion duly made, seconded and Car- 
ried, the Secretary was instructed to inform the Foundry Educa- 
tional Foundation of its inability to comply with this request, 
in view of the fact that so many AFS members are already par- 
ticipating in the activities of the Foundation and contributing 
financially to its success. 

(d) “A Career in Metals” Film. President Wagner reported 
a meeting held with the Northwestern Pennsylvania Chapter, at 
which time it was requested that AFS take over national distri- 
bution of the Chapter-developed strip film, “A Career in Metals,” 
the film having already been shown to the Board of Directors. 
The consensus of the Board was that the film was excellent for 
showing to boys at the high school and trade school level, but 
that the Society should not at this time assume the job of na- 
tional distribution but should assist the sponsoring Chapter to 
do so itself. 

(e) Educational Recommendations. The Secretary pointed 
out that the number of requests for educational assistance at 
the secondary school had been increasing consistently and pre- 
sented the following recommendations: 

(1) There exists a close and permanent relationship between 
educational activities at the college and engineering school level 
and activities at the secondary school level, and that an aggres- 
sive program at both levels is a joint concern of both AFS 
and F.E.F. 

(2) At present, by action of their respective governing bodies, 
AFS and F.E.F. have agreed that F.E.F. will confine itself to the 
college and engineering school level and that the AFS field is in 
the secondary school level. The successful work of F.E.F. with 
a full-time staff devoted exclusively to eduction is well known. 

(3) AFS is constantly urging its Chapters to undertake edu- 
cational work and the requests for assistance from the Chapters 
and elsewhere are constantly increasing. 

(4) The current budget includes a token amount for educa- 
tional expense, entirely insufficient to undertake a comprehen- 
sive program at the secondary school level. 

(5) Since the long range success of the F-E.F. program entails 
recruitment from the secondary schools, it may be questioned 
whether a program at the secondary school level should be 
carried on exclusively by AFS, rather than jointly by AFS and 
F.E.F., or even with educational activities at all levels under 
F.E.F. In either event, the closest cooperation between AFS and 
F.E.F. is essential, greater degree than has been possible thus far. 

(6) The need for closer cooperation makes highly advisable a 
prompt decision as to whether F.E.F. should be invited to oc- 
cupy space in conjunction with the new AFS Headquarters 
Building. 

(7) In view of the close community of interest in educational 
matters between AFS and F.E.F., it might be logical to consider 
appointment of the F.E.F. Staff Director as an Educational Ad- 
visor to the AFS Board. 

(8) Since the Chairman of the AFS Educational Division has 
recommended the engagement of a full-time Educational Direc- 
tor for the Society, action by the Board is called for on this 
recommendation. 

Following discussion of the above recommendations, on mo- 
tion duly made, seconded and carried, the Secretary was author- 
ized to employ a ful-time Educational Director for carrying on 
the Society’s educational activities at the secondary school level. 

(f) Directorate Reorganization. The President and Secretary 
referred to action taken previously by the Board, approving a 
recommendation of the Administration Policy Committee “that 
the present size and representation of the Society’s directorate 
should be studied with the view to securing better regional rep- 
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resentation.” It was emphasized that the demands upon the 
time of the President, Vice-President and Secretary for Chapte1 
visits, and the growing size of the membership, made such action 
imperative. 

The Secretary then presented, as directed by the President, a 
suggested plan for reorganization of the AFS Directorate, th« 
plan involving an increase in the number of Directors, a change 
in the selection of Directors, establishment of Chapter groups to 
include non-Chapter foundry areas, establishment of Regions 
including several Chapter groups, with Regional Vice-Presidents 
governing each region. It was pointed out that such a plan con- 
ceivably would involve less burden upon the President and 
Vice-President but more official use of their time, better and 
more consistent Chapter representation on the Board, and bet- 
ter geographical representation on the Board at all times. 

President Wagner announced the appointment of a Board 
Reorganization Committee consisting of M. A. Fladoes, Chair- 
man; F. W. Shipley, and A. L. Hunt. The Secretary was in- 
structed to arrange a meeting of the Committee in the near 
future to consider the suggested plan. 

(g) Death of Past-Director E. N. Delahunt. The Secretary an- 
nounced with regret the receipt of information stating that 
Past-Director E. N. Delahunt had died suddenly in Montreal 
on November 4, 1952. In an expression of the sincere regrets of 
the Directors, the following resolution was moved, seconded 
and unanimously adopted: 

WuHeEREAS in the death of Edward N. Delahunt of Montreal 
on November 4, 1952, the Society and its Canadian Chapters 
lost simultaneously a true friend and respected associate, 
and 

Wuereas he had long served the Eastern Canada Chapter 
as a charter member, Director, and Chairman, and always 
as a trusted advisor, and 

Wuereas, his service on the Board of Directors during the 
years 1947-50, and both his local and national activities on 
behalf of the Society, exemplified the spirit of comradeship 
that has long existed among all foundrymen in America, 
and 

Wuereas he possessed a rare combination of sound judg- 
ment, fair play, and the encouragement of others, now 
therefore be it 

RESOLVED that this tribute be made a part of the official 
record of the American Foundrymen’s Society and that a 
copy of this resolution be transmitted to his family and to 
the Eastern Canada Chapter. 

(h) Technical Assistant. The Secretary pointed out that he 
had long recommended the hiring of an additional assistant for 
Technical Director Massari, the original recommendation dat- 
ing back to November 1945. He urged that action be taken in 
view of the Society’s plans to step up its present activities. Ac- 
cordingly, 9n motion duly made, seconded and unanimously 
carried, the Secretary was authorized to employ a full time 
Fechnical Assistant to the AFS Technical Director. 


(8) Next Board Meeting 


President Wagner announced that the next meeting of the 
Board of Directors would be held at the Sherman Hotel, Chi- 
cago, on Friday, March 20, 1953. 
There being no further business to be presented, the meeting 
was declared adjourned. 
Respectfully submitted, 
Won. W. MALONEY 
Secretary-Treasurer 

Approved: 

I. R. WaGneR, President 

January 8, 1953 
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Minutes 
Meeting of 1952-53 A.F.S. Board of Awards 


Blackstone Hotel, Chicago—December 11, 1952 


(1) ROLL CALL: 
Past-President Fred J. Walls (1945-46), presiding 
Past-President W. B. Wallis (1948-49) 
Past-President Walton L. Woody (1950-51) 
Past-President Walter L. Seelbach (1951-52 
Wm. W. Maloney, Board of Awards Secretary 


Absent: 
Past-President S. V. Wood (1946-47) 
Past-President Max Kuniansky (1947-48) 
Past-President E. W. Horlebein (1949-50) 


(2) Minutes 


Minutes of the preliminary meeting of the Board of Awards 
held September 29, 1952, were read and accepted. It was 
pointed out that the Board of Awards on September 29 had 
voted to bestow not more than three Gold Medals in 1953 and 
that all awards should be presented at the 1953 Convention in 
the same manner as at the 1952 Convention. 


(3) The Secretary informed the Board of Awards of action by 
the Board of Directors accepting the recommendation of the 
Annual Lecture Committee that Honorary Life Membership be 
awarded to the Charles Edgar Hoyt Annual Lecturer. 


(4) Number of Medals and Life Memberships 


On motion duly made, seconded and carried, the Board of 
Awards voted to bestow four Gold Medals of the Society and 
two Honorary Life Memberships in the Society (including the 
retiring President and the Annual Lecturer, and in addition to 
Life Memberships for medalists) in 1953. 


(5) Selection of Gold Medalists 


The meeting being open for receipt of recommendations, the 
Secretary first presented a list of candidates for Medal awards 
as submitted by the AFS Divisions and individual members in 
previous years. Members of the Board of Awards presented 
additional recommendations for consideration. After full dis- 
cussion, the following motions were duly made, seconded and 
unanimously carried, recommending to the Board of Directors 
the awarding of Gold Medals of the Society in 1953: 


(a) To Wm. J. Grede (Pres., Grede Foundries, Inc., Milwau- 
kee, Wis.), the Wm. H. McFadden Gold Medal of AFS 
“for outstanding public service bringing great credit upon 
and broad recognition for the entire Foundry Industry.” 

(b) To Daniel E. Krause (Exec. Director, Gray Iron Research 
Institute, Columbus, Ohio), the John H. Whiting Gold 
Medal of AFS “for outstanding contributions to the Society 
and the Foundry Industry in the field of Ferrous metal- 
lurgy and research.” 


To William Romanoff (Vice-Pres., H. Kramer & Co., Chi- 
cago, Ill., the Joseph S. Seaman Gold Medal of AFS “for 
exceptional contributions to the Society and its Brass and 
Bronze Division over many years.” 


(d) To James H. Smith (Gen. Mgr., Central Foundry Div., 
General Motors Corp., Saginaw, Mich.), the Peter L. 
Simpson Gold Medal of AFS “for outstanding contribu- 
tions to the application of engineering principles in 
foundry practice, and as the 1953 Charles Edgar Hoyt 
Annual Lecturer.” 


(c 


~— 


(Note: Decision to award the Simpson Medal to the Annual 
Lecturer for 1953 was made by the Board of Awards following 
the meeting and in consideration of donor’s belief that the 
Society is committed to bestowing this medal each year). 

On motion duly made, seconded and carried, nominations of 
Gold Medal awards for 1953 were closed. 


(6) Selection of Honorary Life Memberships 


Following discussion, motions were duly made, seconded and 
unanimously carried recommending to the Board of Directors 
that Honorary Life Memberships be awarded in 1953 as follows: 

(a) To George J. Barker (Prof. of Met. Engrg-, University of . 
Wisconsin, Madison, Wis.), Honorary Life Membership in 
AFS “for outstanding contributions to the Society and 
the Castings Industry in the education of young engineers 
for greater appreciation of the industry, the casting pro- 
cess and cast products as engineering materials.” 

(b) To I. Richards Wagner, Honorary Life Membership in 
AFS “for outstanding service to the Society as President 
during the year 1952-53.” 

(Note: It should be pointed out that AFS Gold Medalists auto- 
matically are accorded the privilege of Honorary Life Member- 
ship, citations therefor being same as the medal citations.) 

On motion duly made, seconded and carried, nominations for 
Honorary Life Membership were closed, 

The Board of Awards confirmed its decision of September 29 
that awards made in 1953, including the awarding of Medal and 
Life Membership to the Annual Lecturer, be made at the An- 
nual banquet of the Society in the same manner as in 1952. 


(7) Investment of Award Funds 


The Secretary pointed out that certain award funds have been 
invested in securities which now have matured and the proceeds 
from the sale of such securities should be reinvested to best 
advantage of the Board of Awards and the Society. He pointed 
out that the Society has recently adopted an investment policy 
and also called attention to the award donor agreements, all of 
which include the following clause: “The Board of Awards of 
the said Association shall control the disposition of the said 
fund, together with the income therefrom, subject to the terms 
and conditions herein set forth. The Board of Awards shall 
invest and in their discretion reinvest the said funds in securi- 
ties of the kind and quality designated by the laws of the State 
of Illinois for the investment of trust funds.” 

On motion duly made, seconded and unanimously carried, the 
Board of Awards directed that proceeds from the sale of matured 
award fund securities should be reinvested promptly by the 
Finance Committee of the Board of Directors in a manner simi- 
lar to its handling of the general funds cash accumulated by the 
Society. 

(8) General Considerations 


The Board of Awards instructed the Secretary to suggest re- 
vision of the existing Awards Manual in terms of Board of 
Awards deliberations during 1951 and 1952, and instructed that 
the matter of the investment of funds from the sale of matured 
award fund securities should be included in the Manual in 
accordance with the above action by the Board of Awards. 
It was confirmed that the September 29 agreement of the 
Board of Awards toward the determination of candidates for 
1953-54 would be carried on by the Board of Awards shortly 
after January 1, 1953, with the retiring President invited to 
participate. 
Members of the Board of Awards expressed their sincere re- 
grets that Past-Presidents S. V. Wood, E. W. Horlebein, and 
Max Kuniansky had found it impossible to attend the meeting. 
Lists of candidates for consideration by the Board of Awards 
as previously submitted were studied and the Secretary in- 
structed to prepare an up-to-date list for consideration by the 
1953-54 Board of Awards, 
Respectfully submitted, 
Wo. W. MALONEY, Secretary 
AFS Board of Awards 

Approved: 

F. J. Walls, Chairman 

January 27, 1953 
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Minutes 


Meeting of AFS Board of Directors 
Hotel Sherman, Chicago—March 20, 1953 


(1) ROLL CALL: 
President I. R. Wagner, presiding 
Vice-President Collins L. Carter 

Directors: 

(Terms expire 1953) 
Walter L. Seelbach 
Frank W. Shipley 
James Thomson 
E. C. Troy 


(Terms expire 1954) 
Harry W. Dietert 
Albert L. Hunt 
J. T. MacKenzie 

(Terms expire 1955) 

M. A. Fladoes 

W. J. Klayer 

J. O. Klein 

A. D. Matheson 


Wm. W. Maloney, Secretary-Treasurer 
S. C. Massari, Technical Director 


Absent 
Directors: 
J. J. McFadyen 
J- O. Ostergren 
M. J. O'Brien, Jr. 
A. M. Ondreyco 
H. G. Robertson 


2. The President announced that a quorum had been estab- 
lished. 


(3) Reading of Minutes 


Minutes of the meeting of the Board of Directors held No 
vember 17-18, 1952 were briefed as to major items, these 
minutes having been previously approved by letter ballot of 
the Board. Minutes of the meeting of the Board of Awards 
held December 11, 1952 were also briefed and 1953 recipients 
of Gold Medal and Honorary Life Membership awards an- 
nounced, these minutes having been previously approved by 
letter ballot of the Board. 

Minutes of the meeting of the Nominating Committee held 
December 12, 1952 were also briefed and names of the Officer 
and Director nominees announced. 


(4) Reports of Staff Officers 


A. Report of the Secretary 

The Secretary reported that the membership on February 28, 
1953 totaled 10,821 and predicted a total of at least 11,000 by 
March $1, compared with the year’s goal of 11,000 by June 30, 
1953. He stated that great credit was due the Membership 
Chairman of those Chapters reporting an increase in member- 
ship. 

On motion duly made, seconded and carried, the Board ap- 
proved a resolution congratulating those Chapters who have 
made their targets thus far this year. 

The Secretary reported a total of 42 regular and 13 Student 
Chapters, the University of Minnesota Student Chapter having 
been dropped because of inactivity since June 30, 1951. He 
reported installation of Student Chapters at Polytechnic Insti- 
tute of Brooklyn in January, and the University of Wisconsin 
the same month. 

In reporting on AMERICAN FOUNDRYMAN, the Secretary stated 
that advertising revenue grossed $137,266 from 472 pages of 
advertising for the first nine months of the current fiscal year, 
compared with $114,321 from 42254 pages the same period a 
year ago. He stated, however, that advertising prospects for 
1953 did not seem to be exceptional and indicated that the rate 
of growth in AMERICAN FOUNDRYMAN advertising, as noted dur- 
ing the past two years, is now declining. 

He announced that the Dwight Early & Sons organization of 
publishers representatives was retained in January to handle 
the mid-Western territory solicitation for the magazine. He also 
reported that increased advertising rates as voted by the Board 
of Directors in November 1952 were going into effect with the 
April 1953 pre-Convention issue, advertisers of record being 
protected at the old rates through the September issue only. 


B. Report of the Treasurer 

The Treasurer presented Income and Expense statements as 
of February 28, 1953 showing total income of $327,300, com- 
pared with forecasted income of $309,468 for the period; total 
expense of $345,262, compared with forecast of $354,555; or an 
excess of expense totaling $17,961 for the period, compared 
with a forecasted $45,087. It was pointed out that the budgeted 
excess expense for the fiscal year to June 30, 1953 is $43,210. 
Major items of departure from the budget of income and ex- 
pense were analyzed. 

The Balance Sheet as of February 28, 1953 reported the re- 
duction of cash from $222,093 on October 31, 1952, to $135,740 
on February 28; increase in investments from $220,600 to $299,- 
519; both reflecting increased investments under the investment 
policy adopted previously. Individual variances in the Balance 
Sheet were discussed. 

Income and Expense Statement for the Safety & Hygiene and 
Air Pollution Program reported total contributions of $71,391 
through February 28, 1953; total expense of $21,922 since incep- 
tion of the Program; total income $675 from miscellaneous 
sources; fund balance $50,143 on February 28. 

A separate statement of Publication Sales showed income of 
$29,981 from all publications on February 28, 1953 . . . including 
$19,719 from special publications or 29 per cent greater than a 
year ago; $10,011 from general publications, and $251 in royalties 
from the high school textbook “Foundry Work” published by 
John Wiley and Sons. 

Director Dietert urged that consideration be given the print- 
ing of more copies of the annual TRANSACTIONS so that this valu- 
able material can be more widely disseminated. President Wag- 
ner suggested that the Chapters be urged to see that TRANSAC- 
TIONS sets are placed in local engineering libraries for refer- 
ence purposes. 

In conclusion, the Treasurer stated that the finances of the 
Society as of February 28, 1953 were in normal shape for a 
non-exhibit year, with income holding up as expected and 
expense under constant supervision and control. 

C. Report of Technical Director 

The Technical Director reported that most technical com- 
mittees had been active during the fiscal year, particularly in 
development of the 1953 Convention program. Major items of 
the Convention program were briefed. 

The report stated that four special publications have been 
published thus far this year—Symposium on Air Pollution, 
Principles of Gating, Patternmakers Manual, and a reprint of 
Gray Iron Research Report No. 2—with other publications 
practically completed: Statistical Quality Control, Recom- 
mended Names for Gates and Risers, Glossary of Foundry 
Terms. A book on Precision Investment Casting is nearing 
completion and the College Foundry Textbook is now about 
50 per cent complete. The cooperation of E. T. Kindt of Kindt- 
Collins Co., Cleveland, in promoting the sale of the Pattern- 
makers Manual, was mentioned specifically by the Technical 
Director for commendation, 

Each of the AFS-sponsored research projects were discussed 
briefly, covering Brass & Bronze, Gray Iron, Heat Transfer, Light 
Metals, Malleable Iron, Sand, and Steel. The Technical Direc- 
tor also stated that effort was now being made to revive the 
Cupola Research Committee and that H. Bornstein of Deere 
and Co. had agreed to serve as Chairman, the first task of the 
Committee being a completely revised edition of the Cupola 
Operations Handbook. 

Director Dietert urged that results of the highly technical 
heat transfer research be presented to the membership in a 
more practical manner, perhaps through the use of strip films 
or charts. Another Director strongly urged that the AFS re- 
search projects be more strongly publicized through the Chap- 
ters. 


(5) Reports of Board Committees 


A. Finance Committee 

The Treasurer presented a statement of reserve fund invest- 
ments showing a total of $296,315 reinvested through the in- 
vestment agent account of the Society with the Harris Trust 
and Savings Bank, Chicago. Present reserve fund investments 
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include $50,600 or 17.08 per cent of the total in U. S. Govern- 
ment securities; $30,187-50 or 10.19 per cent in Canadian Gov- 
ernment securities; $182,874.52 or 61.71 per cent in Industrial 
Bonds; and $32,653.32 or 11.02 per cent in Industrial Stocks. 

It was pointed out that while the original plan presented by 
the Harris Trust contemplated approximately one-third of the 
total in Industrial Stocks, it is the intention to build up to that 
point gradually over a period of years as the market seems to 
indicate to the advisors of the investment agent account that it 
is advisable to do so. 

Director Dietert suggested that all evidence of Society invested 
securities be microfilmed and stored in some distant city against 
the possibility of disaster, and that the Finance Committee con- 
sider setting up a second investment agent account with some 
bank in some distant city with the same possibility in mind. 
President Wagner stated that the matter would be given fullest 
consideration. 

The Secretary pointed out that $135,000 in cash was still 
being held in the Society’s checking account at the Harris Trv=* 
and Savings Bank, and recommended that $35,000 could now be 
transferred to the investment agent account for investment. On 
motion duly made, seconded and carried, the recommendation 
was accepted. 

B. Chapter Contacts Committee 

Vice-President Carter presented a report of Chapter Contacts 
made by the Directors and urged all to make their Chapter 
visits as soon as possible. He congratulated the Directors on the 
conscientious job to date and stated that the Chapters look for- 
ward to these Director visits. 

C. Safety & Hygiene and Air Pollution Program 

Chairman Hunt presented a progress report on Safety & Hy- 
giene and Air Pollution, including safety training sessions heid 
by the Safety Committee; safety & hygiene and air pollution 
seminars held at the University of Illinois and University of 
Wisconsin; progress in development of a Dust Control and 
Ventilation Manual; and an Air Pollution Manual; steps toward 
development of a Recommended Good Welding Practice Manual; 
and studies being made in the matter of industrial noise abate- 
ment. 

The Chairman reported that several Chapters have inquired 
about sponsoring safety training courses and stated that the 
Safety Committee is also working on revision of the present 
Recommended Good Safety Practices Manual for the foundry 
industry. 

The report presented information on activities of Program 
Director W. N. Davis in connection with state legislation con- 
sidered adverse to the foundry industry. It also reported numer- 
ous trips by the Program Director in carrying on activities for 
the program. Director Dietert suggested that AFS might con- 
sider preparation of a film on air pollution, comprising parts of 
other available films. 

Director Troy suggested a questionnaire on the matter of 
allergies to rosin binders, it being pointed out that this subject 
was considered in a paper at the University of Illinois seminar 
in February. 


(6) Special Reports 


A. Housing Committee 

The Secretary presented a detailed report on steps taken to 
acquire a site for the AFS Headquarters Building, and an- 
nounced that a site had been purchased and is now owned by 
the Society in Des Plaines, Ill. Floor plans now are being worked 
out between the Staff and F. C. Riecks of Ford Motor Co. so 
that specifications can be drawn up and construction bids 
taken at as early a date as possible. 

The Secretary stated that, in view of increased building costs 
during the past 12 months, some doubt existed as to the total 
cost of the building as originally planned, but that the Action 
Committee was considering increased construction costs in de- 
velopment of final plans. In response to a request for a total 
outlay covering construction, moving, furnishing, etc., the Secre- 
tary stated that, without additional Board action, the Committee 
was considering that the total cost of construction, landscaping, 
parking area, land and architect fee could not exceed the $200,- 
000 figure voted by the Board of Directors in May, 1952, without 
further approval by the Board. 

B. Report of Publications Policy Committee 

Recommendations of the Publications Policy Committee, re- 
sulting from a meeting held January 8, 1953, were presented 
and discussed in detail. Actions taken by the Board of Directors 
have the effect of establishing Publications policies of the 
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American Foundrymen’s Society, superseding any previous in- 
formal policies in effect due to precedent and use. Publications 
policies approved by the Board of Directors on motion duly 
made, seconded and carried, with the thanks of the Board for 
a job well done. 

(Note: All established Society policies, as approved, are 
shown elsewhere in this volume of TRANSACTIONS.) 

C. Report of Convention and Exhibits Policy Committee 

Recommendations of the Convention and Exhibits Policy 
Committee, resulting from a meeting held on January 16, 1953, 
were presented and discussed in detail. Actions taken by the 
Board of Directors have the effect of establishing the following 
Convention and Exhibits policies of the American Foundry- 
men’s Society, superseding any previous informal policies in 
effect due to precedent and use. Approved by the Board of 
Directors on motion duly made, seconded and carried, with the 
congratulations of the Board for accomplishing a difficult task. 

(Note: All established Society policies, as approved, are 
shown elsewhere in this volume of TRANSACTIONS.) 

D. Reports of Chapter and Membership Policy Committee 

Recommendations of the Chapter and Membership Policy 
Committee, resulting from a meeting held on January 30, 1953, 
were presented and discussed in detail. Actions taken by the 
Board of Directors have the effect of establishing the following 
Chapter and Membership policies of the American Foundry- 
men’s Society, superseding any previous informal policies in 
effect due to precedent and use. Approved by the Board of 
Directors on motion duly made, seconded and carried, with 
congratulations of the Board for undertaking and completing a 
task long needed. 

(Note: All established Society policies, as approved, are 
shown elsewhere in this volume of TRANSACTIONS.) 

The Board also considered the Committee’s recommendation 
that Chapter policy regarding the accumulation of Chapter re- 
serve funds be based on total operating expense of a Chapter 
over a period of two to five years, excess funds to be expended 
by the Chapters on activities within the purposes of the Society. 
It was pointed out that such a recommendation follows closely 
the established investment policy of the National Society, but 
it was also realized that the Chapters should continue to have 
sole jurisdiction over accumulated Chapter funds. Therefore, 
the Board directed the Secretary to present the Committee's 
recommendation to the Chapters strictly for Chapter considera- 
tion. 

E. Report of Policy Sub-Committee on Educational Work as 

Applied to Training Programs 

Recommendations of the Educational Policy Sub-Committee, 
resulting from a meeting held on February 26, 1953, were pre- 
sented and discussed in detail. Actions taken by the Board of 
Directors have the effect of establishing the following Educa- 
tional policies of the American Foundrymen’s Society, super- 
seding any previous informal policies in effect due to precedent 
and use. Approved by the Board of Directors on motion duly 
made, seconded and carried, with the congratulations of the 
Board for a thoughtful job well carried through. 

(Note: All established Society policies, as approved, are 
shown elsewhere in this volume of TRANSACTIONS.) 

F. Report of the Board Reorganization Committee. 

A report of the Board Reorganization Committee, resulting 
from a meeting held on January 26, 1953, was presented and 
discussed in detail. It was understood that all actions taken 
by the Board of Directors in respect to reorganization of the 
Board would require revision of the existing AFS By-Laws be- 
fore taking effect, a meeting of the By-Laws Committee being 
scheduled for April 7, 1953. It was recommended that members 
of the Board Reorganization Committee plan to attend the 
meeting of the By-Laws Committee, if possible. 

Minutes of the Board Reorganization Committee meeting, as 
revised and approved by the Board of Directors and in such 
form referred to the By-Laws Committee, are briefed as follows: 

1. All AFS Chapters to be grouped in Chapter groups for 
constant group representation on the Board. (Approved). 

2. Chapter groups to be organized into five regions with a 
regional Vice-President in each. (Approved). 

3. The AFS Directorate to be increased from 18 to 24 includ- 
ing the President, Vice-President, immediate past-President and 
21 Directors. (Approved with provision that the increased 
Directorate is intended to recognize desires for Board represen- 
tation by the Chapters, Technical Divisions, and other foundry 
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interests, plus the need to select outstanding men regardless of 
geographical location.) 

4. A Nominating Committee of eight with one representative 
from each of the five regions, two immediate past-Presidents, 
plus the incumbent AFS President, the senior past-President 
being the Chairman. (Approved with provision that the Nom- 
inating Committee be appointed, as now, by the AFS Executive 
Committee of the Board.) 

5. The Nominating Committee, as now, to name five Directors 
from the various Chapter groups in accordance with a pre- 
arranged regional representation. (Approved.) 

6. The Board of Directors to appoint two Directors-at-Large 
annually for three-year terms, with a total of six Directors-at- 
Large as a permanent set-up. (Approved.) 

7. Regional Vice-Presidents to be appointed by the Board for 
terms of one year each, recommended by the Directors within 
each respective region and selecting one of their own number. 
(Approved.) 

8. The AFS Executive Committee to include: President, Vice- 
President, immediate Past President, and three Regional Vice- 
Presidents elected by the Board on nomination of a Board 
nominating committee, none of the latter three to serve two 
years successively. (Approved.) 

9. Newly elected Officers and Directors of AFS to take office 
immediately following their election at the Annual Business 
Meeting of the Society. (Approved.) 

In addition to the above actions, to be placed before the By- 
Laws Committee as recommendations of the Board of Directors, 
the following were discussed and accepted for guidance of pro- 
cedures under the Board reorganization plan: 

1. Continue the Chapter Contacts Committee but with each 
Director assigned to Chapter groups within their Regions but 
not necessarily within their Chapter groupings. 

2. Any future Chapters of AFS to be incorporated into the 
proposed and accepted outline for Regions and Chapter groups. 

3. Industrial advisors of regular Chapters to be, for the most 
part, the official contacts with the Student Chapters of AFS, 
plus nearest National Directors where convenient. 

4. Board meetings to be held at least twice a year, preferably 
in July and January, although admittedly it may become advis- 
able to increase this number in some years. 

5. A Convention program procedure to be worked out to 
clarify whether the retiring President or newly elected Presi- 
dent should preside at the Annual Banquet or Annual Business 
Meeting of the Society and that an agreed procedure should 
govern at all future Conyentions. 

6. It was urged that the Chairman of the Board Reorganiza- 
tion Committee should sit in with the By-Laws Committee at 
the time that By-Laws revisions are being considered. 

President Wagner thanked the Board Reorganization Com- 
mittee for the considerable time and thought given to its recom- 
mendations, and expressed the feeling that the reorganization 
would be a very forward looking step in the Society’s operations 
and administration. 

G. Report on 1953 Convention 

The Secretary and Technical Director jointly presented a 
report on progress of the 1953 Convention, and stated that spe- 
cial bulletins would be issued to the Board of Directors on 
various events. The Technical Director presented to each Direc- 
tor a detailed program of technical sessions, authors, papers and 
session Chairmen, as developed to date. 

The President announced that he was asking the Secretary 
to arrange a special luncheon for the Board of Directors on 
Wednesday, May 6, to which the Officers and Directors elect 
would be invited, for the purpose of getting better acquainted, 
with no official business to be transacted. 

H. Report on AMERICAN FOUNDRYMAN 

The Secretary presented a detailed report on AMERICAN 
FOUNDRYMAN, describing certain steps already taken and others 
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to be taken to strengthen the publication and make it still 
more desirable as an advertising medium, including the fol- 
lowing: 

1. Increased sales administration and control. (Already in 
effect.) 

2. The 20 per cent increase in advertising rates, approved 
in November 1952, to become effective with the April 1953 issue, 
and advertisers of record protected through the September 1953 
issue. (Rates and effective dates already announced.) 

3. Greater publicity on the Society’s activities, directed toward 
the advertising profession. (To be put into effect immediately 
after the Convention.) 

4. Revision of editorial policy, involving greater direction 
and planning of editorial content. (To begin immediately, but 
not fully effective until after the April and May Convention 
issues.) 

5. Reorganization of the editorial staff. (Already in effect.) 

6. Appointment of Associate Editors in each of the seven 
technical divisions of the Society, also Associate Editors on the 
West Coast, in Canada and in New England. (Associate Editors 
to be appointed at the earliest possible date.) 

7. Increase in the number of practical foundry articles pub- 
lished, a section for new foundrymen, occasional articles of 
definite management interest, greater recognition of foundry 
personalities . . . all looking toward maximum reader interest. 
(These matters to run concurrent with the new “planned con- 
tent” program.) 

8. Increased horizontal coverage of the foundry industry 
through increased circulation support. (This step, taken with 
the approval of the President and Vice-President, now in 
effect.) 

9. Additional steps to increase the number of inquiries re- 
ceived as a result of advertising and editorial articles in the 
magazine, such as the “Products Parade” section of the April 
1953 issue. (No timetable, but a constant goal.) 

10. Careful consideration of the advantages or disadvantages 
of the present publication dates of AMERICAN FOUNDRYMAN, and 
possibly some future revision thereof. (Being studied.) 

In conclusion, the Secretary pointed out that all matters con- 
cerning AMERICAN FOUNDRYMAN should now be considered in 
the same light as any commercial publication, and that steps 
for its improvement should be resolved on that basis- The Sec- 
retary presented an organization chart being put into effect in 
line with the itemized report presented. 

J. Report on Meeting with F.F.M.A. 

Past President Seelbach reported on a special meeting be- 
tween AFS officials and the members of the Foundry Facings 
Manufacturers’ Association on February 11 in Chicago, attended 
by President Wagner, Vice-President Carter, Mr. Seelbach, Sec- 
retary Maloney, Technical Director Massari, and SkH&AP Di- 
rector Davis. Mr, Seelbach reported that the purpose of the 
meeting had been to iron out some evident misunderstandings 
between AFS and F.F.M.A. and that in his estimation this 
objective had been well accomplished. Mr. Seelbach felt that 
future relations between the two groups would now be im- 
proved. 


(7) Next Board Meeting 


President Wagner announced that the next meeting of the 
AFS Board of Directors would be the annual Board meetings 
scheduled for July 23-24. 
There being no further business to be considered, the meet- 
ing was declared adjourned. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 

Approved: 

I. R. Wagner, President 

June 2, 1953 
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Tenth Annual Chapter Officers Conference 
Hotel Sherman, Chicago — June 18-19, 1953 


PROGRAM 


Thursday, June 18 
9:30am Call to Order ...........00.000008 Chairman Carter 
ee eee Chairman Carter 
ak ee: By the Conference 
9:47am Sketching in the Background ......... Pres. Wagner 
9:52am AFS as a Technical Society ...... Tech. Dir. Massari 


10:17am Developing a Chapter Program....By the Conference 
11:45am The S. & H. & A.P. Program of AFS..Director Davis 
12:15pm Luncheon 

1:30pm Chapter Educational Programs....By the Conference 


3:15pm The AFS Organization Setup........ Sec’y. Maloney 
3:45pm The AFS Headquarters Building....... Pres. Wagner 
4:00pm Report on AMERICAN FouNDRYMAN..Tech. Ed. Scobie 
4:25pm The Nominating Committee......... Sec’y. Maloney 


4:35pm Chapter Contacts by Directors. .Vice-Pres.-Elect Dost 
5:00pm Adjournment 
5:15pm Social Hour 


6:30pm Conference Dinner 
Presiding: Chairman C. L. Carter 
Guest Speaker: Caserio, former Golden Gloves Cham- 
pion. 
Subject: “The Trials of a Golden Gloves Boxer.” 
8:30PM Special Meetings 


Friday, June 19 


See: Ge We Ce kos vcuwsxakcccions Chairman Carter 
9:03 am Keeping Up the Membership..... By the Conference 
10:20am Exhibit Conventions .......... Exhibit Mgr. Hilbron 
10:55am ‘The Chapter Chairman’s Job ...... Chairman Carter 
See “Te SE | kn ch oko nts cneweenss Chairman Carter 
Se | NS or ecu cswtudhends awa’ The Conference 


12:45pm Final Adjournment 
1:00pm Luncheon 


ATTENDANCE 


Directors and Guests 


Participating in the 10th Annual Chapter Officers Conference 
in addition to those mentioned, were the following national 
officers: Martin J. Lefler, Oliver Corp., South Bend, Ind.; C. V. 
Nass, Beardsley & Piper Div., Pettibone Mulliken Corp., Chi- 
cago; G. Ewing Tait, Dominion Engineering Works, Ltd., Mon- 
treal, Que.; James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind., and Robert E. Kennedy, AFS Secretary 
Emeritus, Wilmette, Ill. 

Guests included: J. R. Allan, International Harvester Co., 
Chicago; H. Charles Esgar, Foundry Educational Foundation, 
Cleveland; Professor Roy W. Schroeder, University of Illinois, 
Chicago, and Hans J. Heine, AFS Assistant Technical Director. 


Chapter Representation 


Chapter Officers present were chiefly chairmen and program 
chairmen (usually also vice-chairman), They were: 
BIRMINGHAM—Chairman Biddle W. Worthington, McWane Cast 

Iron Pipe Co., Birmingham, Ala. Vice-Chairman Edwin E. 

Pollard, Alabama Pipe Co., Anniston, Ala. 

British CoLumMBiA—Chairman William R. Holeton, B. C. Re- 
search Council, University of British Columbia, Vancouver, 
B. C., Canada. Vice-Chairman Howard H. Havies, Vivian 
Diesels & Munitions Ltd., Vancouver, B. C., Canada. 

Canton District—Chairman Robert A. Epps, Stoller Chemical 
Co., Akron, Ohio. Vice-Chairman Alfred S. Morgan, Babcock 
& Wilcox Co., Barberton, Ohio. 

CENTRAL ILLInois—Chairman Henry Felten, Peoria Malleable 
Castings Co., Peoria, Ill. Program Chairman Burton L. Bevis, 
Caterpillar Tractor Co., Peoria, Ill. 

CENTRAL INDIANA—Chairman Dallas F. Lunsford, Perfect Circle 
Corp., Hagerstown, Ind. Vice-Chairman Fred E. Kurtz, Elec- 
tric Steel Castings Co., Indianapolis. 

CENTRAL MicHIGAN—Chairman John E. Wolf, Midwest Foundry 
Co., Coldwater, Mich. Secretary-Treasurer Gerald Strong, 
Homer Foundry Corp., Coldwater, Mich. 

CENTRAL New YorkK—Chairman John A. Feola, Crouse-Hinds 
Co., Syracuse, N. Y. Vice-Chairman Joseph Gibson, Sweets 
Foundry Inc., Johnson City, N. Y. 

CENTRAL On10—Chairman C, W. Gilchrist, The Cooper-Bessemer 
Corp., Mt. Vernon, Ohio. Program Chairman Raymond M. 
Meyer, Ohio Steel Foundry Co., Springfield, Ohio. Secretary 
N. H. Keyser, Battelle Memorial Institute, Columbus, Ohio. 

CHEsAPEAKE—Chairman William H. Baer, U. S. Navy Dept., 
Bureau of Ships, Washington, D. C. 

Cuicaco—Chairman John A. Rassenfoss, American Steel Found- 
ries, East Chicago, Ind. Vice-Chairman Robert L. Doelman, 
Miller and Company, Chicago. 

CINCINNATI District—Director John D. Sheley, Asst., The Black- 
Clawson Co., Hamilton, Ohio. Vice-Chairman Harry F. Greek, 
The Hill & Griffith Co., Cincinnati. 


Corn Be_t—Chairman Earl White, Paxton-Mitchell Co., Omaha, 
Neb. Vice-Chairman Bert J. Baines, Omaha Steel Works, 
Omaha, Neb. 

Detroir—Chairman Harry E. Gravlin, Ford Motor Co., Dear- 
born, Mich. Vice-Chairman Claude B. Schneible, Claude B. 
Schneible Co., Detroit. 

EASTERN CANADA—Chairman John G. Hunt, Asst. Dominion En- 
gineering Works, Ltd., Montreal, Que. Vice-Chairman Claude 
Bourassa, Archer-Daniels-Midland Co., Montreal, Que. 

EASTERN NEw York—Chairman Edwin S. Lawrence, General 
Electric Co., Schenectady, N. Y. 

METROPOLITAN—Chairman Bernard N. Ames, U. S. Naval Ship- 
yard, Brooklyn, N. Y. Vice-Chairman Charles Schwalje, 
Worthington Corp., Harrison, N. J. 

Mexico—Chairman Frank Madrigal, Fundidora de Aceros Te- 
peyac, S. A., Mexico City, D. F. Vice-Chairman Pedro Gomez, 
Fundicion de Acero Electrico, The Teziutlan Copper Co., S. 
A. Mexico, D. F. 

MIcHIANA—Chairman Leslie Pugh, Casting Service Corp., La- 
Porte, Ind. Program Chairman R. A. Payne, The Sterling 
Brass Foundry, Elkhart, Ind. Director Robert H. Greenlee, 
Auto Specialties Mfg. Co., St. Joseph, Mich. 

Mip-SoutH—Chairman Earl Kreunen, Wm. C. Ellis & Sons Co., 
Memphis, Tenn. Secretary-Treasurer M. B. Parker, Jr., M. B. 
Parker Co., Memphis, Tenn. 

Mo-Kan—Chairman William N. Chivvis, National Lead Co., 
Kansas City, Mo. Vice-Chairman Lloyd Canfield, Canfield 
Foundry Supplies & Equipment Co., Kansas City, Kans. 

NORTHEASTERN On1o—Chairman Stephen E. Kelly, Eberhard 
Mfg. Div., Eastern Malleable Iron Co., Cleveland. Program 
Chairman Dave Clark, The Forest City Foundries Co., Cleve- 
land. 

NorRTHERN CALiF.—Chairman William S. Gibbons, Ridge Found- 
ry, San Leandro, Calif. Vice-Chairman John Bermingham, E. 
F. Houghton and Company, San Francisco. 

No. IL.-So. Wis.—Chairman Chas. N. Deubner, Yates American 
Machine Co., Beloit, Wis. 

NORTHWESTERN PA.—Chairman Chas. F. Gottschalk, Cascade 
Foundry Co., Erie, Pa. Vice-Chairman Bailey D. Herrington, 
Hickman, Williams & Company, Erie, Pa. 

OntTaAr1Io—Chairman Alex Pirrie, Standard Sanitary & Dominion 
Radiator, Ltd., Toronto, Ont. Vice-Chairman F. J. Ruther- 
ford, Refractories Engineering & Supplies, Ltd., Hamilton, 
Ont. 

Orecon—Chairman James T. Dorigan, Electric Steel Foundry, 
Portland, Ore. Vice-Chairman P. J. Laugen, Oregon Steel 
Foundry Co., Portland, Ore. 

PHILADELPHIA—Chairman W. Donald Bryden, Philadelphia 
Bronze & Brass Corp., Philadelphia. Vice-Chairman Daniel E. 
Best, Bethlehem Steel Co., Bethlehem, Pa. 

Quap Crry—Chairman Eric Welander, John Deere Malleable 
Works, East Moline, Ill. Vice-Chairman Wm. Ellison, Thiem 
Products, Inc., Milwaukee. 
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RocHesteR—Chairman Neal F. Clement, Rochester-Erie Foundry 
Corp., Rochester, N. Y. Vice-Chairman Duncan M. Wilson, 
Engineered Castings Div., American Brake Shoe Co., Roches- 
ter, N. Y. 

SAGINAW VALLEY—Chairman F, J. McDonald, Saginaw Malleable 
Iron Plant, Saginaw, Mich. Vice-Chairman Woodrow Holden, 
Eaton Manufacturing Co., Vassar, Mich. 

St. Louis District—Chairman Webb L. Kammerer, Midvale 
Mining & Manufacturing Co., St. Louis. Vice-Chairman Fred 
J. Boeneker, Bronze Alloys Co., St. Louis. 

SOUTHERN CALIF.—Chairman Hubert Chappie, National Supply 
Co., Torrance, Calif. Program Chairman Charles R. Gregg, 
Gregg Iron Foundry, ElMonte, Calif. 

TENNESSEE—Chairman William P. Delaney, Eureka Foundry Co., 
Chattanooga, Tenn. Vice-Chairman Charles S. Chisolm, The 
Wheland Co., Chattanooga, Tenn. . 

Texas—Vice-Chairman Edward W. Wey, Dee Brass Foundry, 
Inc., Houston, Texas. Secretary Elmore C. Brown, Whiting 
Corp., Houston. 

TimBerLine—Chairman Roger Hageboeck, Electron Corp., Lit- 
tleton, Colo. Vice-Chairman E. Byron McPherson, McPherson 
Corp., Denver, Colo. 


TRANSACTIONS 


ToL_epo—Chairman Bernard J. Beierla, E. W. Bliss Co., Toledo, 
Ohio. Vice-Chairman C. E. Eggenschwiler, Bunting Brass & 
Bronze Co., Toledo, Ohio. 

Tri-StateE—Secretary W. H. Mook, Bethlehem Supply Co., Tulsa, 
Okla. Vice-Chairman D. W. McArthur, Oklahoma Steel Cast- 
ings Co., Inc., Tulsa, Okla. 


Twin Crry—Chairman O. J. Myers, Archer-Daniels-Midland 
Co., Minneapolis. Vice-Chairman Arthur W. Johnson, North- 
ern Malleable Iron Co., St. Paul, Minn. 


WASHINGTON—Chairman William L. Mackey, Washington Stove 
Works, Everett, Wash. Program Chairman William A. Shaug, 
South Seattle Foundry Co., Seattle, Wash. 


WESTERN MICHIGAN—Vice-Chairman John A. VanHaver, Sealed 
Power Corp., Muskegon, Mich. 

WESTERN NEW York—Chairman Joseph M. Clifford, Atlas Steel 
Casting Co., Buffalo, N. Y. Secretary A. J. Heysel, E. J. Wood- 
ison Co., Buffalo, N. Y. 

Wisconsin—Chairman A. F. Pfeiffer, Allis Chalmers Mfg. Co., 
Milwaukee. 
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ated FOR THE FOUNDRY INDUSTRY 
Steel By 
ahs James H. Smith* 
Co., | 
| ® Five particularly important opportunities stand out shell process one of the greatest technical develop- 
| among many which present themselves to the foundry ments of our time in the foundry industry. In my 
industry. These lie in the fields of: estimation, it may revolutionize foundry molding tech- 
1. Molding Methods and Materials. niques to the point where it will be more economical 
2. Metallurgy of Cast Iron. to produce most small castings, and some large cast- 
3. Heat Treatment of Cast Iron. ings, by the shell-mold process as compared with con- 
4. Methods Engineering. ventional, green-sand molding. 
5. 





Educational Programs for the Foundry Industry. 


The foundryman has improved sand workability to 
achieve better molds, truer, cleaner, and more econom- 
ical castings. He has obtained these results by better 
understanding of the materials used in the preparation 
of the sand and improved equipment for distribution 
and mulling of the clays. 

New sand-conditioning resins for the foundry in- 
dustry are now available and the next few years should 
see some very important developments which will im- 
prove conventional green-sand molding methods. 

A new molding technique has been developed called 
pressure molding which utilizes pressures up to 500 
psi as compared with pressures of 50 psi or less being 
used at the present time. This method produces a very 
smooth and accurate casting. Proponents of this mold- 
ing method are very enthusiastic regarding the future 
of the process. I would not be surprised if, within a 
few months, some plants were in production, using 
these high-pressure molding machines with resin addi- 
tives to the molding sand. 


Resin Function 


The function of these resin additives is to improve 
the workability of the sand through uniform clay 
distribution, eliminating any clay balls. The result is 
increased flowability of the sand with uniformly hard 
molds on both vertical and horizontal mold surfaces, 
producing castings needing a minimum of cleaning. 
The trend in molding-sand technique is definitely in 
the direction of reduced cleaning time and closer di- 
mensional tolerances. 


The shell molding and core-making process needs 
no introduction to you foundrymen. I consider the 


* General Manager, Central Foundry Division, General Motors 
Corporation, Saginaw, Mich. 
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Complete mechanization of the molding operation 
on high-production runs is possible using this process. 
Several machines which accomplish this are already 
on the market. 

The shell process is usually considered a precision 
casting process. It is usually thought of as being be- 
tween green-sand molding and the lost wax technique. 
At Central Foundry Division we are approaching the 
shell program from the standpoint of producing a 
better casting for less money and, at the same time, 
holding the dimensional tolerances to closer limits 
than with our present green-sand method. We are not 
promising tolerances to the degree where machining 
can be entirely eliminated. Some of the claims which 
have been made in published articles regarding toler- 
ances have been very misleading. We know that it is 
possible to hold very close limits on castings made in 
experimental laboratories using laboratory methods, 
but we know also that the same results are very difficult 
to obtain in high-volume production, using practical 
manufacturing methods. There is every reason to be- 
lieve that sometime in the future, as the technique is 
further developed, it will be possible to cast many 
surfaces to much closer dimensional tolerances. 


Resin Cost a Drawback 


The cost of the phenolic resins used to provide the 
bond material for the silica grains in the construction 
of the shell is the main reason for the process not being 
more widely used. There. seems to be little chance of 
a reduction of the present high cost of phenolic resin 
because of the stable price of phenol. Manufacturers are 
striving to discover suitable resin substitutes and resin 
extenders. Our research laboratory has a continuous 
program to try to find a substitute for phenolic resin 
or a material which can be blended with phenolic 
resin to produce a less expensive mix. If it is possible 
to use a material which would bring the price of the 
bonding material down to 10¢ or 15¢ a pound, I 





believe most everyone would use the shell process for 
the production of small castings. Even at the present 
high resin cost, many castings can be produced at a 
cost comparable to green-sand molding. This is par- 
ticularly true where cores can be eliminated by the 
use of the process. 

(At this point, a motion picture of the shell process, 
was shown.) 

At our Saginaw Malleable Iron Plant, where quite 
a few castings are made in shell molds, we use a con- 
tinuous pendulum-type conveyor with shell-making 
machines set parallel to the conveyor. 

The shell-making machine is an integrated mechan- 
ism operating in cycles and consisting of a gas-fired, 
radiant-burner oven, a rollover box containing the 
sand-resin material, and the pattern mounted on a 
hinged arm. Adjacent to this machine is a vibrator- 
actuated container which holds dry resin used for 
gluing the shells together, a fixture for knocking out 
the top of the pouring sprue, and a jolt-squeeze ma- 
chine which is used in the gluing operation to press 
the halves of the shell together. 

At the start of the cycle, the hot patterns, both cope 
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and drag, are lowered onto a rollover box which con- 
tains a sand resin material from which the shells are 
made. The rollover box and pattern are then inverted 
for about 20 seconds which is the approximate time 
needed for enough of the material to adhere to the 
hot pattern to make a shell about 5/16 of an inch thick. 

When the shell is ready for curing, the rollover box 
returns to its original position. The shell and pattern 
mechanically enter the gas-fired, radiant-burner oven 
for curing. The amount of curing time will vary with 
the thickness of the shell—a shell 5/16 of an inch thick 
requires approximately 40 seconds. 

After the shell is cured, the door of the oven rises 
and the mechanical arm carrying the pattern and shell 
moves to a vertical position parallel to the furnace 
door. Spring-loaded ejector pins release the shells 
from the pattern. The operator places the drag half 
on the gluing fixture, and the cope half is placed on 
the holder which knocks out the top of the pouring 
sprue. He positions the resin container which vibrates 
dry resin onto the shell and then places the cope half 
onto the drag half and touches the controls which 
automatically move the squeezehead of the gluing ma- 





Pouring shells on a continuous-type conveyor, where they remain for short cooling period. 
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Internal shell-making machine with 
baking oven located directly behind 
the operator, conserving movement. 


chine into position. The machine 
presses the halves together for a 
predetermined length of time suf- 
ficient to assure a firmly-bonded 
complete shell. 

The completed shell is placed on 
the pendulum conveyor and moves 
to the pouring station. After being 
poured, the shells remain on the 
continuous conveyor for a short 
cooling period. When they arrive 
at the shakeout screen, a cam-actu- 
ated mechanism tips the conveyor 
plates, and the shell and castings 
are dumped onto the shakeout 
screen. The sand is_ vibrated 
through the screen, and the cast- 
ings drop into a hopper below. 

We are sure there will be further, rapid development 
in this interesting technique of making castings. 


Metallurgy of Cast Iron 


Most of the technical advancement in the ferrous 
industry during the past century, with the exception 
of recent years, has been in steel; very little progress 
was made in the development of cast iron. Recently, 
engineers and metallurgists working together have 
made wonderful strides in cast iron metallurgy, in 
developing new alloys and in improving melting tech- 
niques. 

One of the developments of this period of research 
is nodular iron. This product is frequently made by 
adding magnesium or magnesium alloys to gray iron, 
which changes the graphite form on solidification from 
flake to some other pattern, preferably to a round 
shape similar to that of temper carbon in malleable 
iron. 

A realistic evaluation of the market for this type 
of iron indicates that it has a wide range of potential 
engineering applications. The product will have a 
much larger market if and when it is possible to pro- 
duce it more economically and with more uniform 
results. To accomplish this, it is possible that it may 
be necessary to find a method of making this or similar 
products in the cupola or some other melting medium. 
Continuing research is being conducted in this coun- 
try and abroad, and there is every reason to believe 
that in the future nodular iron will assume a much 
inore competitive role. 


Low-sulphur Gray Iron 


Another development, which will definitely have a 
marked effect on the iron casting industry, is the pro- 
duction of a low-sulphur gray iron. To produce this, 
molten cupola iron is treated with finely divided par- 
ticles of calcium carbide. The product possesses su- 
perior mechanical properties with a tensile value 
approaching 50,000 psi and with a Brinell hardness 
of around 200. 

If it has the proper analysis, the calcium carbide- 
treated metal, with the addition of magnesium oxides, 











can be used to produce nodular iron; other nodular- 
izing agents, such as rare earth oxides have also been 
used successfully with this base metal in producing 
nodular iron. 

Comparatively little of this low-sulphur iron has 
been produced on a production basis; but, no doubt, 
there will be an increasing demand in the future pro- 
viding the product can be produced economically. 


Development of Pearlitic Malleable 


Another cast iron which has been developed in re 
cent years is pearlitic malleable iron. In our plants 
we make this iron by using the regular base white iron 
which is melted in a cupola and superheated in an 
electric furnace. The castings are then malleablized in 
a continuous, radiant-tube, gas-fired, heat-treating fur 
nace . . . quenched in air at about 1650 F . . . and 
tempered back to the desired hardness. 

During the past fifteen years the use of this product 
has increased from practically nothing to about 100,- 
000 tons per year. The product has found wide appli- 
cation in the automotive field and particularly in 
automatic transmissions. It is also used effectively for 
household appliance parts, diesel engine parts, hand 
tools, and many other uses. The contribution of this 
engineering material to the small arms, military truck 
and ammunition programs during World War II and 
in the present Korean conflict has been substantial. 
The future of pearlitic malleable looks very promis- 
ing; it is constantly replacing forged steel parts, weld- 
ments, and stampings. 


Heavy-Section Malleable 


Another development of the last few years is a prod- 
uct called “bisbo” iron, which was developed in Gen- 
eral Motors’ research laboratory. This iron is made 
by adding small amounts of bismuth and boron to 
white iron base metal and malleablizing to make a 
pearlitic structure. The purpose of the alloy additions 
is to prevent formation of graphite on solidification in 
heavy section castings. Previously, malleable iron cast- 
ings have been cast in relatively light sections, gen- 
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New double core box setup, allowing steady production 
of cores. Operator can now remove filled core box from 


erally less than 114 inches. Castings are now being 
produced in sections up to 4 inches and free from 
primary graphite. Since this type of iron can be pro- 
duced from a standard white iron base metal, it has 
many possibilities; therefore I can visualize a con- 
siderable tonnage of castings with heavy sections being 
made from this material. 

The trend of the designing engineers in the auto- 
motive and allied fields is toward more intricate cast- 
ings with thinner walls. How is the foundryman going 
to meet this challenge? The most logical way is to be 
able to pour iron into the mold at a uniformly higher 
temperature than is being done at present. This can 
be accomplished by a duplex melting operation, melt- 
ing down in the cupola and superheating to a constant 
temperature in an electric furnace. We are about to 
start this practice in the gray iron foundry where we 
are making automotive and diesel engine cylinder 
blocks and heads. We believe that the improvement in 
metal and temperature control will more than justify 
the added cost and make it possible for us to meet the 
evergrowing demand for lighter section castings. 


Micro-Chemistry in Infancy 


An outstanding development in melting practice in 
recent years has been the increased use of basic-lined 





machine with one hand while inserting empty core box 
with other hand. Method upped production 42 percent. 


cupolas. To produce some of the new irons which we 


have been discussing, it appears that basic-lined cu- 
polas will be more widely used as the new irons come 


into greater demand. 
The metallurgical developments of the past few 


years in the foundry industry have been little short 
of miraculous. It is difficult to visualize the tremendous 
effect that minute percentages of certain elements have 
on the molecular structure and physical properties of 
iron. The use of micro-chemistry in the foundry in- 
dustry is in its infancy. The control and effects of 
small amounts of various elements will play an im- 
portant role in foundry metallurgy, possibly to even 
a greater extent than has been witnessed during the 
past few decades in the steel industry. 

The new products which have been the results of 
these development programs have had a tremendous 
effect on the economy of the country. They have made 
it possible for the manufacturers of many items, such 
as automobiles, household appliances, farm equip- 
ment, diesel engines and many others to make a better 
product at a lower cost. I am sure that with all of the 
new things on which we are working and with de- 
velopments of the future we will have the opportunity 
and will continue to make a substantial contribution 
to the over-all economy of our country. 
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Much research work has been conducted in recent 
years on the heat treatment of various types of iron. 
Maximum uniformity of structure is always important 
and is one of the benefits derived from heat treatment. 
Several of the heat treatments for cast iron which will 
be used increasingly in the next few years are: 

Annealing for Stress Relief definitely increases the 
life of large and highly-stressed gray iron parts. It is 
used to a great extent for diesel engine cylinder blocks 
and heads and similar parts. The temperature used 
must be kept below the critical, with the temperature 
and time depending upon the size and form of the 
castings. 

Annealing for Machinability. I believe this type of 
heat treatment for many gray iron castings will in- 
crease extremely rapidly in the next few years. In one 
of our gray iron foundries, over 80 per cent of the pro- 
duction is annealed for machinability with a resultant 
increase in the machine shop of 25 to 50 per cent in 
the output per machine and an increase in tool life of 
over 100 per cent. This method of annealing is called 
microstructural control to produce a ferritic matrix. 
How can any cost-minded management miss this op- 
portunity of cost saving wherever machinability is of 
prime consideration! For most gray iron castings, an 
hour at 1350 to 1550 F, depending upon the chemistry 
of the castings, will produce the desired results. 

Quenching for Higher Strength. This type of heat 
treatment will gain much wider use, as time goes on, 
due to the fact that there is an increasing demand for 
higher strength irons. By heating to approximately 
1600 F and quenching in oil, followed by a subsequent 
draw, 60,000 to 80,000 psi tensile irons can be pro- 
duced. The heating temperature may vary in relation 
to the chemistry of the iron. 

Martempering. This is a relatively new method of 
heat treatment for castings. Castings are quenched 
rapidly from above the critical by submerging in a 
liquid bath and holding at a temperature of about 
400 to 500 F. Castings are held in the bath only until 
they have reached the same temperature as the quench- 
ing medium and are then withdrawn and cooled in 
air. In some instances, a subsequent low-temperature 
draw is used to further reduce any tendency toward 
cracking, particularly if the casting shape is intricate. 
This treatment has been used on a number of finish- 
machined, pearlitic malleable iron castings with the 
advantage of minimizing internal strains and prevent- 
ing warpage. This method will find an increasing num- 
ber of applications in the future. 

Heat treatment is somewhat new for many foundry- 
men. When they realize the advantages to be gained 
in increased physical properties and the marked im- 
provement in machining characteristics, I am certain 
there will be a very decided increase in the heat treat- 
ment of iron castings. Certainly there are enough pos- 
sibilities in this phase of our business to consider it 
an outstanding opportunity for the future. 


Methods Engineering Increases Efficiency 


Methods engineering is the analyzing and planning 
of employee movements to increase their effectiveness. 
This means the elimination of idle time, the reduction 
of ineffective movements, such as long body bends, 
turns, walking, heavy lifting and others. An analysis 


is also made to determine the advisability of combin- 
ing operations. 

This analyzing and planning not only improves 
quality and reduces cost, it improves working condi- 
tions, relieves monotony and fatigue and results in 
a much more satisfied and efficient employe. With this 
accomplished, we are a much better competitor in 
a highly competitive market which requires a constant 
effort to provide the customer with a better quality - 
product at lower cost. 

For a methods program to be effective and successful 
requires the full support and cooperation of the entire 
management group. This is a continuing activity as 
today’s improvements may be obsolete tomorrow be- 
cause new ideas and technological improvements pro- 
gressively change our thinking. 

[At this point, a short film entitled “Methods Engi- 
neering as Applied to the Foundry Industry” was 
shown. Some of the illustrations show what has been 
achieved through methods engineering. ] 

Methods engineering is valuable in any industry, 
regardless of size or kind, and provides an excellent 
way to realize enormous returns from the time and 
effort spent. In my opinion, we have only scratched 
the surface of the unlimited opportunities in methods 
engineering in the foundry industry. , 


Foundry Educational Programs 


We all know that men and materials are im- 
portant, and up to this point we have discussed the 
material and process aspects of foundry opportu- 
nities. Machinery and raw material, being on the 
open market, are available to anyone with the pur- 
chasing power to acquire them. What then, makes 
some organizations more successful than others? It is 
their greatest asset—people. People of many types and 
talents make up our entire organization. 

During the past few decades, the foundry industry 
has actively solicited men in the engineering fields in 
increasing numbers and has used them to good ad- 
vantage in all phases of the business. As foundrymen, 
we look toward the engineer for technical and indus- 
trial progress. 

As I mention engineers, the thought no doubt comes 
to your mind that I am advocating running all of our 
plants with engineers or trained technical men. I have 
no such thought and certainly want that point made 
clear. The people we have in the industry today are 
doing and will continue to do a good job. Our ob- 
jective, however, should not be to do as good as we 
have—but to improve our position. This means that 
we must concentrate on training our organization for 
the present and the future. 

The graduating engineer is rarely in a position to 
make an immediate contribution to the industry or 
assume the responsibilities of management. He does, 
in most cases, have a potential greater than had he 
not had the benefit of this formal education. The trend 
in the foundry industry is toward the employment of 
the technical graduate for future positions of responsi- 
bility in manufacturing. 

In order to interest engineering students in the 
Foundry Industry, we should do three things: (1) 
Develop methods to influence students who will one 
day be specifying and using cast metal products; (2) 
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Endeavor to influence engineering students to enter 
the foundry sequence in schools where such a program 
is available; and (3) Concentrate on making the 
foundry sequence available in more schools and uni- 
versities. 

Although the engineering enrollments are seriously 
low, more engineering graduates have entered the 
foundry industry in the past year than in previous 
years; however, we still are not getting our share of 
the graduating engineering talent. Of last year’s class, 
less than 1 per cent chose for their career the fifth 
largest durable goods industry in the country. There 
can be only one answer—they do not realize the oppor- 
tunity the foundry industry has to offer! And, until 
the last two or three years, we have done little to let 
them know of these opportunities. 

The Foundry Educational Foundation is aggres- 
sively tackling this problem. Since the Foundation was 
incorporated in February of 1947, a total of 990 grad- 
uates have entered the foundry industry through the 
FEF program, and approximately 1,450 students were 
employed as summer workers. This organization is 
doing, and I believe will continue to do, an excellent 
job in furnishing the foundry industry with young 
men schooled in the fundamentals of foundry engi- 
neering. However, they can supply the industry with 
only a limited number of these people. We must re- 
cruit all available talent possible from the graduating 
classes of the engineering schools to get the additional 
technical people we will need. 


Suggestions 


Here are six suggestions which I think will help 
us attain higher caliber and better-trained organiza- 
tions: 

1. Set up better procedures to select qualified per- 
sonnel for supervisory positions. This would include 
selections from within our own organizations as well 
as new hires. 

2. Provide good, workable training programs for all 
supervisors and technical personnel. 

3. Maintain effective apprentice programs to de- 
velop the skilled trades necessary, such as pattern- 
makers, tool and die makers, millwrights, electricians, 
etc. 

4. Acquaint more students in the engineering schools 
with the opportunities in the foundry industry by 
getting the schools to include foundry educational 
programs as a part of their curriculum. 

5. Try to attract more graduate engineers into the 
industry to accelerate the development work necessary 
to keep abreast of competing industries. 

6. Support the Foundry Educational Foundation 
financially. 

Certainly it would not be necessary to replace any 
management employes in the industry to accomplish 
what I propose. Every year there are in excess of 2,000 
supervisors, engineers or others in the management 
group who leave the industry through retirement, 
death and for other reasons. Concentrating on better 
training and placement would certainly tend to im- 
prove our organizations tremendously. 

I believe that there are unlimited opportunities for 
improved educational programs for the Foundry In- 
dustry, and I would like to emphasize that unless we 
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After annealing, foot pedals are placed on portable, rotat- 
ing rack by operator, who grinds and disposes to other 
rack. Method eliminates fatiguing body movements. 


This improved method of shearing gates and shot blasting 
differential carriers has eliminated two operators and 
necessity of trucking between the various operations. 


develop more and better-trained people, we will not 
receive the maximum benefits from the other oppor- 
tunities we have been discussing. 

I look forward with a great deal of optimism to the 
future. In our hands lie outstanding opportunities for 
the foundry industry. This great industry of ours in 
future years will have engineering markets and stature 
in the economy of America in direct proportion to 
what we men in the industry today do in the years 
immediately ahead of us. We have been told that the 
future of the foundry industry is bright, but it can 
only be so as a reflection of our own endeavor. This 
responsibility is entirely ours, both individually and 
collectively! If we meet these responsibilities and take 
advantage of our opportunities, we cannot help being 
successful in this interesting and dramatic business. 
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A SURVEY OF THE SHELL MOLDING METHOD 
OF CASTING PRODUCTION* 


Bernard N. 


ABSTRACT 


This paper summarizes and surveys the shell molding process 
and is based primarily on data developed in research and pro- 
duction activities at the New York Naval Shipyard. Data are 
included herein on the mechanics of the process, metallurgical 
evaluations of the process, mechanization, plant safety, dimen- 
sional tolerance, gating and heading, applications and econom- 
ics. It was concluded that the shell molding process when used 
on the proper application is an economical foundry technique 
which permits the utilization of lower grade skills; frequently 
will improve metal yield; and will reduce machine shop time 
and cleaning costs. 


Introduction 


In the past few years shell molding, sometimes re- 
ferred to as the “C” process, has been recognized as 
one of the major technological advancements in the 
foundry industry. It is perhaps the first basic change 
in the method of mold construction since the incep- 
tion of the foundry art. 

The process, although promising, should not be 
considered a panacea for all foundry ills. Casting de- 
fects resulting from improper gating and heading 
techniques, malpractices in melting or sand-resin pro- 
cessing, are just as apt to occur in shell molded cast- 
ings as in conventional sand castings unless sound 
fundamental principles are applied. However, when 
the proper casting application is selected and the 
shell molding method is utilized correctly in produc- 
tion of the casting, the process can be an economic 
tool geared to high production requirements. 


History of the Process 


A U. S. Department of Commerce bulletin! by 
R. W. Tindula describes that a method of making 
thin shell molds and cores for smooth, accurate cast- 
ing of metals was developed during World War II by 
Johannes Croning of Hamburg, Germany. A patent 
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application? (No. 48679) was filed in the German 
patent office on Feb. 1, 1944, which described essen- 
tially the shell molding process. The patent applica- 
tion was kept in a secret status by the German Gov- 
ernment and copied in microfilm by allied technical 
intelligence at the end of the war. The microfilm is 
filed as PB-83891 (in German) at the Library of Con- 
gress, Washington 25, D. C. It was reported® that the 
process was in production in a number of places in 
Germany, particularly for the production of cores. It 
was indicated, for example, that the firm of Haller 
Werke A. G. in Hamburg-Altona was producing cores 
for 8-cm hand grenades by the Croning Process, and 
had reached a capacity of 6000 components per day. 

The process itself was examined by W. W. McCul- 
locht a member of a United States technical intelli- 
gence team of the Department of Commerce. The 
detailed report of this inspection was published by 
the Department of Commerce as Fiat Final Report 
No. 1168, dated 30 May 1947. As indicated in Tin- 
dula’s report, the assignment files of the U. S, Patent 
Office reveal that J. Croning filed applications for 
patents® dated 3 December 1947 assigned to the 
Crown Castings Corp., Philadelphia, Pa., on foundry 
molds and cores from preheated sands and plastics 
and a process for the manufacture of foundry molds 
and cores. At the present time no patents have been 
granted on either of these applications. Processes em- 
ployed by Germany during World War II and up to 
jan. 1, 1946 are available to industry and not patent- 
able in the United States or any other allied nation. 
However, patents may be issued on specific improve- 
ments, and an industrial user may not employ such 
improvements without obtaining a license from the 
patent holder. However, a company is not charged 
with infringement until the patent comes into effect 
on the date of issue. In the interim, intensive develop- 
ment work in this country, which it is estimated has 
become the subject of hundreds of patent applica- 
tions, has made this process an economic and useful 
foundry tool. 

Literature Review 

Tindula’s' report lists an extensive bibliography 
pertaining to shell molds. This bibliography is re- 
peated in part in this paper and recent publications 
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which have been published since the date of the U. S. 
Department of Commerce bulletin have been added. 
Only those articles which it is believed have techno- 
logical significance are listed. The majority of these 
articles deal with the mechanics of the shell molding 
process, the foundry technology involved, metallurgi- 
cal aspects, mechanization and possible applications. 


Raw Materials 


The raw materials currently employed in the in- 
vestment formulation for the shell molding process 
are generally washed and dried silica sands or bank 
sand containing a small percentage of clay, and a “B” 
stage phenol-formaldehyde resin. Occasionally addi- 
tive materials such as silica or zircon flour (in the 
range of 5-10 per cent) are employed to improve the 
surface finish of the casting, particularly in the higher 
temperature alloys. 

Sands which are being utilized for this process 
range in AFS fineness from 75 to 230, and are either 
round, angular or subangular in grain shape. The 
clay content should generally be under 3 per cent, and 
the sand should be low in metallic oxides or fluxing 
agents. Sands with a wide distribution (five or six 
screens) seem to yield superior finishes, as compared 
with three-screen sands. As a general rule, the finer 
the sand, the smoother the resultant surface of the 
casting. Zircon sands can be employed satisfactorily 
in this process, and will yield a smoother shell mold 
as compared with the silica sand shell molds. How- 
ever, this apparent greater degree of smoothness is 
not fully transmitted to the actual casting and cast- 
ings manufactured with zircon sands are not superior 
in surface finish in all alloys to castings made with 
properly selected silica sands. In addition their rel- 
atively high cost per unit volume may make the utili- 
zation of zircon sands impractical except for special 
applications. 

Shell molding itself has opened a wide avenue of 
investigation on the utilization of numerous types of 
molding materials, In many instances it may be feas- 
ible and economical, in order to achieve certain prop- 
erties, to deviate from the use if silica sands as basic 
molding mediums and to employ other basic mater- 
ials. 

The amount of resin employed is approximately 
5-9 per cent by weight of the sand utilized, and is de- 
pendent upon the sand fineness and the amount and 
fineness of the additive employed. As indicated above 
“B” stage phenol-formaldehyde resins are being used 
almost exclusively in shell molding operations in this 
country. Phenol-formaldehyde resins may be either 
a single or two-step formulation. In the former case, 
the necessary excess of formaldehyde to complete the 
reaction is contained in the formulation, and in the 
latter case an accelerating material is added, usually 
hexamethylenetetramine. Approximately 10-15 per 
cent of the “hexa” is employed. The two-step resins 
are being utilized almost exclusively since they possess 
better storage characteristics and shelf life. 

In the early stages of shell molding development 
work at the Laboratory and Shipyard with which the 
author is associated, it was found necessary to conduct 
a long-range series of practical resin tests and evalua- 
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tions with a view toward determining which group 
of resins performed most satisfactorily as a bonding 
agent and to establish the range of properties most 
suitable for over-all shell molding operations. A large 
number of resin products have been tested, evaluated 
and catalogued. The majority of these resins were of 
the phenol-formaldehyde class, one-step or two-step 
type. Tests were also performed upon resins of the 
melamine-formaldehyde, urea-formaldehyde, mela- 
mine-urea-formaldehyde and epoxy resin types. 

The method of test and evaluation consisted of: 

a) Mixing the resin under test with the base sand, 
which was in practically all cases a washed and dried 
sub-angular grain silica sand of approximately 150 
AFS fineness. In the case of the phenol-formaldehyde 
resins the basic formula for test purposes was 91 per 
cent silica sand to 9 per cent resin, although this 
varied in some instances particularly with other resin 
types. Mixing of the resin-sand mixture was accom- 
plished in a commercial dough mixer for a period of 
10 min. 


Fig. 1—Wedge pattern plates, 10 x 12 in. 


b) Manufacture of a number of molds, using a 
10x12-in. test pattern plate (Fig. 1) gated in such a 
manner as to enhance the tendency of the mold ma- 
terial to cut or wash, and incorporating a number of 
knife-edge corners for pattern reproducibility evalua- 
tions. In molding, the dwell and cure cycles were 
standardized, except where a specific recommendation 
was made by the manufacturer as to the most suit- 
able cycle, or where deviations from the above were 
found to yield superior results. The test molds were 
inspected and evaluated, during the molding process 
and after curing, for such characteristics as: 


1) Odor 

2) Shell thickness 

3) Ease of stripping 

4) Sharpness and detail 

5) Glaze and smoothness 

6) Strength 

7) Flowability 

8) Tendency to “peel” or drop prematurely 


During the later production operations in the 
New York Naval Shipyard Foundry, an intricate pro- 
duction casting was substituted for the test plate, al- 
though the method of test and evaluation of molds 
remained substantially identical. 

c) Casting the assembled and bedded test molds in 
an aluminum alloy (Navy Department Specification 
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46Al, cl. 3 or Alcoa 356) at 1250 F; cleaning by soft 
brushing, and evaluating the casting products for: 


1) Sharpness and detail 

2) Washing and impingement defects 
3) Metal penetration 

4) Premature mold failure 

5) General surface finish 

The later tests which made use of the production 
pattern exhibited a tendency of some resins to pro- 
mote premature mold breakdown. 

The melamine and urea-formaldehyde resins tested 
in accordance with the above program proved to be 
inferior to the phenol-formaldehyde types. Molds 
made with these resins were characterized by rougher 
surfaces, excessive edge friability, disagreeable and in 
some instances toxic odors and comparatively low 
strengths, while the castings, with the exception of 
those produced by some melamine resins, displayed 
rougher surfaces and occasional defects due to pre- 
mature mold collapse. These resins at present are 
not considered entirely suitable for shell molding. 
A few preliminary tests with resins of the epoxy group 
produced inferior shells of poor strength. 

The results obtained with the phenol-formaldehyde 
resins indicated that the most generally satisfactory 
resins for molds are those with low to moderate flow 
characteristics, high melting points and fast cure rates. 
The most important variables affecting resin suitabil- 
ity are flow, cure, cure rates, melt viscosity and melt- 
ing point. It is entirely conceivable that resins with 
different physical properties may be required for cer- 
tain casting designs. Resin producers are currently 
making a great deal of progress, since the advent of 
mechanized equipment, in designing resins for speci- 
fic production applications. Improvements have been 
effected in cure rates, flow and anti-distortion charac- 
teristics to the point where in most instances selected 
resins from most producers may be interchanged in 
production without affecting shell or casting quality. 
Considerable development work is also underway in 
determining, quantitatively, physical property char- 
acteristics such as tensile and flexural strength of var- 
ious resin-sand mixtures in varying concentrations. 

Cores made by the shell molding process may re- 
quire resins of different characteristics than that em- 
ployed for molds. In the experience of the author, 
cores with sharp radii require a resin with longer 
flow properties to avoid surface tearing. This applies 
whether the core is made by the “blowing” or “dump- 
ing” technique. 

Parting Agents 

A silicone water emulsion (2-5 per cent by volume) 
is being utilized almost exclusively on “seasoned” pat- 
terns as a mold release agent. The practice employed 
by the New York Naval Shipyard is to spray this 
emulsion on the hot pattern plate after four to five 
mold halves have been made. In some commercial 
operations the hot pattern face is dipped into the 
mold release solution. 

In the initial development work conducted at the 
Material Laboratory many compounds were investi- 
gated by a practical performance evaluation test for 
their suitability as a mold release agent. Those com- 
pounds investigated were: 


a) Paraffin wax 

b) Silicone jelly 

c) Polyethylene glycol products 

d) Silicone oil and water emulsions 

e) Polytetrafluoroethylene 

f) Butyl stearate 

g) Finely divided molybdenum in a carrier 

The method of test employed in evaluating the 
liquid compounds consisted of applying the lubricant 
to the hot pattern plate surface by brush coating or 
spraying and subjecting the patterns to standardized 
and repetitious moldmaking cycles. Observations were 
then made of the following factors: 

a) The relative amount and method of application required 
for the best performance 

b) Ease of stripping 

c) Cleanliness of pattern surface after stripping 

d) Sharpness of mold edges 

e) Mold smoothness 

f) Number of successful strips for each application 

In the case of the polytetrafluoroethylene product, 
a preparation which was applied as a semi-perman- 
ent fused plastic coat, an additional life test was per- 
formed to evaluate this compound. 

In general, the silicone group displayed the best 
performance from the standpoint of ease of applica- 
tion, number of strips per application, cleanliness of 
molds and patterns, sharpness of molds, lack of car- 
bon deposition, resistance to the cycling temperatures 
involved, and chemical inertness. 

The most favorable results were obtained with sili- 
cone water emulsion concentrates. The polyethylene 
glycol products in alcohol and aqueous solutions 
proved to be undesirable in that considerable stick- 
ing was experienced. The _ polytetrafluoroethylene 
coat yielded excellent results from the standpoint of 
stripping ease over a long run during which more 
than 175 molds were made and stripped with a single 
application, but the mode of application is tedious 
and time-consuming, requiring careful preparation 
and successive oven-cured coatings. Some difficulty 
was experienced in obtaining a satisfactory coating 
on sharp corners. Once applied, however, it is ex- 
tremely tenacious and resists a 600 F curing cycle sat- 
isfactorily. Ultimate local decomposition, however, 
and the resultant labor in stripping off the remaining 
coating in order to fuse a new coating on the pattern 
plate, makes the method generally undesirable. Butyl 
stearate decomposed readily at working temperatures, 
accompanied by dense fumes and staining of the pat- 
terns. Stripping performance was exceedingly poor. 
The preparations of finely divided molybdenum in a 
carrier, applied by spray and by swab, were similarly 
poor in performance, with considerable mold sticking 
experienced. 


Mechanics of the Process 


Basically, the shell molding method utilizes the 
thermosetting properties of phenolic resins to pro- 
vide a bond material for silica grains in the construc- 
tion of a mold. The use of urea and phenolic resins 
is by no means novel in the production of sand cores 
and molds, However, shell molding techniques are 
unique in that neither temper water nor additional 
bond materials are employed. In fact, at the present 
state of development, a dry, free flowing mixture is 
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Fig. 2 — Rollover 
machine, 18 x 22 





considered essential in the production of shell molds 
with good surface qualities. 

The equipment necessary in the manufacture of 
shell molds may range from the simple “dump box” 
rigging as utilized for jobbing operations in the New 
York Naval Shipyard Foundry and illustrated in Figs. 
2, 3, 4 and 5, to highly mechanized and fully auto- 
matic machinery. One advantage of the shell mold- 
ing process is that it is adaptable to highly mechan- 
ized operations. 

The moldmaking operation is neither involved nor 
difficult, and should not exceed 2 min. per cycle with 
the crudest rigging. Metal half patterns and attached 
runners and gates are utilized which are mounted ac- 
curately on metal pattern plates (Fig. 6) in much the 
same manner as in long-run molding machine prac- 
tice. A set of beveled bosses on one plate and a cor- 
responding set of cavities on the other make for accur- 
ate registration in assembling mold halves, and prac- 
tically eliminates shifts. In some instances registra- 
tion grooves deployed around the periphery of the 
pattern plate are used for assembling mold halves. 

The pattern assembly is brought to a suitable temp- 
erature for forming the mold in a heating unit or 
with heating elements, In general, pattern tempera- 
tures range from 350 to 500 F for this phase of the 
process, and may be heated with strip heater units in 
a dutch-type oven as illustrated in Fig. 3, or by cer- 
amic gas burners or conventional gas burners. Occa- 
sionally, heating elements or gas burners are used 
underneath the plate and employed with a curing 
oven in order to maintain the desired temperature 
head of the pattern material so that a continuous op- 
eration may be maintained with one pattern plate. 
In some instances, heating devices underneath the 
plate are utilized in conjunction with infra-red heat- 
ing installations for curing the shell mold. 

After the pattern plate has attained the desired 
temperature, it is sprayed with or dipped in a mold 
release agent and positioned, pattern down, over the 
dump-box (Fig. 2) which contains the resin-sand mix- 
ture. The dump-box is then inverted quickly, which 
causes the investment to fall and envelop the pattern 
and plate. The resinous binder material melts and 
flows under the influence of the heat of the plate, 
causing the resin-sand mixture to adjust itself closely 
to the outline of the pattern, building up a uniform 
coating as the heat penetrates the mass. After approx- 
imately a 6-15 sec dwell or contact period for a 3/16 


Figs. 3, 4, 5, 6 (top to bottom). Fig. 3—Electric strip 
heater curing oven. Fig. 4—Stripping a cured mold half. 
Fig. 5—-Oven and stripper table unit. Fig. 6—Bronze 
double test bar pattern plate, 14 x 18 in. 
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to Y4-in. thick shell, depending on the practice em- 
ployed and the casting design, the pattern plate with 
the coating of set but uncured investment is removed 
from the dump-box and is ready for the curing opera- 
tion. It is obvious that in this stage of the process 
the character of the sand and the flow, melting point, 
melt viscosity and curing rate properties of the resin 
are important variables in relation to a specific cast- 
ing design. 

The plate and adhering coating are then placed 
in a heating unit for curing. For the particular sand 
and resin combinations employed at the New York 
Naval Shipyard | min at 600 F has been found to be 
sufficient for curing. At higher or lower temperatures 
the curing cycle is correspondingly shorter or longer. 
During curing the resin component in the investment 
material is converted into a hard, insoluble plastic 
which holds the silica grains strongly together. After 
curing, the half-molds are stripped from the plate 
with the aid of spring return stripping pins, as illus- 
trated in Fig. 4. In some instances it has been found 
necessary to place the stripped molds on bottom 
boards immediately and to weight them in order to 
minimize distortion and to reproduce close dimen- 
sional tolerances. Mold halves are closed in a variety 
of ways such as bolting, pasting, spring clamps or 
sealing tape, and backed up with a vibrated mater- 
ial such as steel shot or sand for casting. Cores can be 
produced with a cycle very similar to that employed 
for molds, the investment generally being blown or 
dumped into a heated core box, with the excess mold 
material being slushed out to provide a thin, hollow 
core. 

It is essential that the shell mold or core be cured 
uniformly and sufficiently. Undercuring may result 
in some degree of dimensional instability during the 
casting operation. The control of the curing opera- 
tion is best determined by control tests of tensile and 
flexural strength of the investment mixture. Some 
operators, however, depend on a particular color char- 
acteristic in determining the degree of cure when the 
sand and resin utilized are standardized. 


Process Technique 


Resin-Sand Blending. The blending of the resin-sand 
mixture may be accomplished satisfactorily in a var- 
iety of ways. Suitable mixtures have been prepared in 
bakery dough mixers, concrete mixers, pharmaceut- 
ical dry blenders and conventional sand mullers, At 
the New York Naval Shipyard Foundry a conven- 
tional type sand muller is utilized for blending. In 
the operation of this muller for this purpose, the 
wheels are raised approximately | in. from the pan. 
The pan temperature should not be permitted to 
reach the point where the resin will flow excessively 
and start a premature cure. Generally, about 7 min 
is sufficient time for mulling, although additional 
time may be necessary if the resin is lumped. 

The muller or mixing apparatus, if not totally en- 
closed, should be provided with a ventilating hood 
to prevent dusting in the surrounding area. In that 
regard, some studies were made to determine the ef- 
fect of wetting agents on investment mixes as a means 
of reducing the resin dusting and segregation en- 


countered in mixing and moldmaking. Two liquid 
phenol-formaldehyde resin types were tested by add- 
ing 0.25 to 1 per cent to the dry base sand, and mull- 
ing, before adding the resin bond. Observations were 
made on the tendencies of the mixer to dust and seg- 
regate during and after the mixing cycle. The results 
indicated that dusting was inhibited appreciably ‘by 
the addition of | per cent of liquid resin, with little 
effect noted in quantities of the order of 0.25 per cent.’ 
A tendency of the resin-sand mix to lump with liquid 
phenol-formaldehyde resin was noted but continued 
mixing abated this condition. Small quantities of 
kerosene (0.25 per cent) in the formulations inhibi- 
ted dusting more successfully than equal percentage 
additions of the liquid phenol-formaldehyde resins. 

Other investigators are currently exploring methods 
of improving resin efficiency by coating the sand grain 
with a resin film or a polar compound. While none 
of these techniques are in current use in volume on 
production operations, it is believed that ultimately 
significant reductions in the amount of resin utilized 
may be effected. 

Some development work on resin-sand additives 
was conducted at the New York Naval Shipyard to 
determine the effect of certain types of additive ma- 
terials on shell mold and casting quality. The ma- 
terials tested were of the following general classes: 

a) Silicone and zircon flours 

b) Iron oxide 

The results of a series of moldmaking and casting 
tests indicated that there was a slight improvement 
in surface finish on castings in which 10 per cent by 
weight of silica flour had been added to the shell 
mold. On medium carbon steel castings zircon flour 
additions in the order of 7.5 to 10 per cent substan- 
tially improved surface quality conditions. Large 
numbers of production castings have been cast suc- 
cessfully at New York Naval Shipyard in aluminum 
alloys, gray iron, ductile iron, medium carbon steel 
and 410 stainless steel in which the indicated zircon 
flour additions have been made to a base sand of AFS 
230 with a resin content of 10.5 per cent. 

No significant improvement in surface finish was 
noted with iron oxide additions up to 5 per cent. 
However, iron oxide additions did appear to benefit 
resin-sand mixtures which had a tendency to “peel’’ 
when the pattern plate was inverted after the con- 
tact period. 

Pattern Equipment. The pattern and plate mater- 
ial used principally, to date, in the shell molding pro- 
cess are alloy cast iron, the so-called “non-shrink” 
steels, and a heat-treatable copper-nickel-silicon alloy. 
At the New York Naval Shipyard cast iron patterns 
are preferred and are utilized, wherever possible. Ex- 
cellent over-all performance was obtained with cast 
iron patterns, particularly in resistance to “sticking” 
which is probably due to its high graphite popula- 
tion on the surface. On occasion, hand finished bronze 
castings were utilized and operated satisfactorily, but 
proved to be subject to scratching, nicking or swag- 
ing, to a degree not normally experienced with iron 
or steel. Pattern plates were made, depending upon 
the design, either by hand finishing cast metal pat- 
terns and mounting on a machined pattern plate, or 
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considered essential in the production of shell molds 
with good surface qualities. 

The equipment necessary in the manufacture of 
shell molds may range from the simple “dump box” 
rigging as utilized for jobbing operations in the New 
York Naval Shipyard Foundry and illustrated in Figs. 
2, 3, 4 and 5, to highly mechanized and fully auto- 
matic machinery. One advantage of the shell mold- 
ing process is that it is adaptable to highly mechan- 
ized operations. 

The moldmaking operation is neither involved nor 
difficult, and should not exceed 2 min. per cycle with 
the crudest rigging. Metal half patterns and attached 
runners and gates are utilized which are mounted ac- 
curately on metal pattern plates (Fig. 6) in much the 
same manner as in long-run molding machine prac- 
tice. A set of beveled bosses on one plate and a cor- 
responding set of cavities on the other make for accur- 
ate registration in assembling mold halves, and prac- 
tically eliminates shifts. In some instances registra- 
tion grooves deployed around the periphery of the 
pattern plate are used for assembling mold halves. 

The pattern assembly is brought to a suitable temp- 
erature for forming the mold in a heating unit or 
with heating elements, In general, pattern tempera- 
tures range from 350 to 500 F for this phase of the 
process, and may be heated with strip heater units in 
a dutch-type oven as illustrated in Fig. 3, or by cer- 
amic gas burners or conventional gas burners. Occa- 
sionally, heating elements or gas burners are used 
underneath the plate and employed with a curing 
oven in order to maintain the desired temperature 
head of the pattern material so that a continuous op- 
eration may be maintained with one pattern plate. 
In some instances, heating devices underneath the 
plate are utilized in conjunction with infra-red heat- 
ing installations for curing the shell mold. 

After the pattern plate has attained the desired 
temperature, it is sprayed with or dipped in a mold 
release agent and positioned, pattern down, over the 
dump-box (Fig. 2) which contains the resin-sand mix- 
ture. The dump-box is then inverted quickly, which 
causes the investment to fall and envelop the pattern 
and plate. The resinous binder material melts and 
flows under the influence of the heat of the plate, 
causing the resin-sand mixture to adjust itself closely 
to the outline of the pattern, building up a uniform 
coating as the heat penetrates the mass. After approx- 
imately a 6-15 sec dwell or contact period for a 3/16 


Fig. 2 — Rollover 








Figs. 3, 4, 5, 6 (top to bottom). Fig. 3—Electric strip 
heater curing oven. Fig. 4—Stripping a cured mold half. 
Fig. 5—Oven and stripper table unit. Fig. 6—Bronze 
double test bar pattern plate, 14 x 18 in. 
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o Y-in. thick shell, depending on the practice em- 
ployed and the casting design, the pattern plate with 
he coating of set but uncured investment is removed 
irom the dump-box and is ready for the curing opera- 
ion. It is obvious that in this stage of the process 
ihe character of the sand and the flow, melting point, 
melt viscosity and curing rate properties of the resin 
are important variables in relation to a specific cast- 
ing design. 

The plate and adhering coating are then placed 
in a heating unit for curing. For the particular sand 
and resin combinations employed at the New York 
Naval Shipyard | min at 600 F has been found to be 
sufficient for curing. At higher or lower temperatures 
the curing cycle is correspondingly shorter or longer. 
During curing the resin component in the investment 
material is converted into a hard, insoluble plastic 
which holds the silica grains strongly together. After 
curing, the half-molds are stripped from the plate 
with the aid of spring return stripping pins, as illus- 
trated in Fig. 4. In some instances it has been found 
necessary to place the stripped molds on bottom 
boards immediately and to weight them in order to 
minimize distortion and to reproduce close dimen- 
sional tolerances. Mold halves are closed in a variety 
of ways such as bolting, pasting, spring clamps or 
sealing tape, and backed up with a vibrated mater- 
ial such as steel shot or sand for casting. Cores can be 
produced with a cycle very similar to that employed 
for molds, the investment generally being blown or 
dumped into a heated core box, with the excess mold 
material being slushed out to provide a thin, hollow 
core. 

It is essential that the shell mold or core be cured 
uniformly and sufficiently. Undercuring may result 
in some degree of dimensional instability during the 
casting operation. The control of the curing opera- 
tion is best determined by control tests of tensile and 
flexural strength of the investment mixture. Some 
operators, however, depend on a particular color char- 
acteristic in determining the degree of cure when the 
sand and resin utilized are standardized, 


Process Technique 


Resin-Sand Blending. The blending of the resin-sand 
mixture may be accomplished satisfactorily in a var- 
iety of ways. Suitable mixtures have been prepared in 
bakery dough mixers, concrete mixers, pharmaceut- 
ical dry blenders and conventional sand mullers. At 
the New York Naval Shipyard Foundry a conven- 
tional type sand muller is utilized for blending. In 
the operation of this muller for this purpose, the 
wheels are raised approximately | in. from the pan. 
The pan temperature should not be permitted to 
reach the point where the resin will flow excessively 
and start a premature cure. Generally, about 7 min 
is sufficient time for mulling, although additional 
time may be necessary if the resin is lumped. 

The muller or mixing apparatus, if not totally en- 
closed, should be provided with a ventilating hood 
to prevent dusting in the surrounding area. In that 
regard, some studies were made to determine the ef- 
fect of wetting agents on investment mixes as a means 
of reducing the resin dusting and segregation en- 








countered in mixing and moldmaking. Two liquid 
phenol-formaldehyde resin types were tested by add- 
ing 0.25 to 1 per cent to the dry base sand, and mull- 
ing, before adding the resin bond. Observations were 
made on the tendencies of the mixer to dust and seg- 
regate during and after the mixing cycle. The results 
indicated that dusting was inhibited appreciably by 
the addition of | per cent of liquid resin, with little 
effect noted in quantities of the order of 0.25 per cent. 
A tendency of the resin-sand mix to lump with liquid 
phenol-formaldehyde resin was noted but continued 
mixing abated this condition. Small quantities of 
kerosene (0.25 per cent) in the formulations inhibi- 
ted dusting more successfully than equal percentage 
additions of the liquid phenol-formaldehyde resins. 

Other investigators are currently exploring methods 
of improving resin efficiency by coating the sand grain 
with a resin film or a polar compound. While none 
of these techniques are in current use in volume on 
production operations, it is believed that ultimately 
significant reductions in the amount of resin utilized 
may be effected. 

Some development work on resin-sand additives 
was conducted at the New York Naval Shipyard to 
determine the effect of certain types of additive ma- 
terials on shell mold and casting quality. The ma- 
terials tested were of the following general classes: 

a) Silicone and zircon flours 

b) Iron oxide 

The results of a series of moldmaking and casting 
tests indicated that there was a slight improvement 
in surface finish on castings in which 10 per cent by 
weight of silica flour had been added to the shell 
mold. On medium carbon steel castings zircon flour 
additions in the order of 7.5 to 10 per cent substan- 
tially improved surface quality conditions. Large 
numbers of production castings have been cast suc- 
cessfully at New York Naval Shipyard in aluminum 
alloys, gray iron, ductile iron, medium carbon steel 
and 410 stainless steel in which the indicated zircon 
flour additions have been made to a base sand of AFS 
230 with a resin content of 10.5 per cent. 

No significant improvement in surface finish was 
noted with iron oxide additions up to 5 per cent. 
However, iron oxide additions did appear to benefit 
resin-sand mixtures which had a tendency to “peel’’ 
when the pattern plate was inverted after the con- 
tact period. 

Pattern Equipment. The pattern and plate mater- 
ial used principally, to date, in the shell molding pro- 
cess are alloy cast iron, the so-called “non-shrink” 
steels, and a heat-treatable copper-nickel-silicon alloy. 
At the New York Naval Shipyard cast iron patterns 
are preferred and are utilized, wherever possible. Ex- 
cellent over-all performance was obtained with cast 
iron patterns, particularly in resistance to “sticking” 
which is probably due to its high graphite popula- 
tion on the surface. On occasion, hand finished bronze 
castings were utilized and operated satisfactorily, but 
proved to be subject to scratching, nicking or swag- 
ing, to a degree not normally experienced with iron 
or steel. Pattern plates were made, depending upon 
the design, either by hand finishing cast metal pat- 
terns and mounting on a machined pattern plate, or 
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by machining from plate or bar stock with a panta- 
graph unit. The cycling temperatures developed and 
practiced at the New York Naval Shipyard permitted 
the use of aluminum sprues, runner bars and risers 
with cast iron pattern plates. They were attached 
separately to the pattern plate which permitted easy 
removal for modification, if necessary. When plate 
weight was a factor, aluminum patterns and ribbed 
aluminum pattern plates were utilized satisfactorily. 
An example of an all-aluminum pattern plate for a 
motor bracket casting is illustrated in Fig. 7. In this 
particular casting no draft can be tolerated on the 
mounting face of the bracket, which represents a 11/- 
in. draw. As little as 14° draft can be employed suc- 
cessfully in some pattern plate designs where neces- 
sary. As many as 1000 shell mold halves have been 
made with this aluminum pattern plate, and it still 
is serviceable. However, it is obvious that in view of 
the temperatures involved in the cycling, wherever 
the maximum in tolerances and surface quality are 
to be obtained, aluminum should not be the alloy 
selected. Nevertheless, as a trial expedient or for cer- 
tain casting requirements that do not involve large 
production runs, aluminum matchplates may be util- 
ized. 





Fig. 7—Pattern plate for motor bracket, 18 x 22 in. 


The pattern plate is the heart of the shell molding 
process, and must be well engineered if production 
difficulties are to be avoided. The availability of the 
proper machine tools and of personnel skilled in tool 
and die or metal patternmaking is essential for manu- 
facturing the patterns or effecting quick changes in 
gating and heading. The pattern plate should be 
ribbed, and designed with uniform sections and suf- 
ficient thickness to retain the proper temperature 
head for setting the investment on a continuous oper- 
ating basis. Frequently, on single-stage machines, elec- 
tric strip heaters or gas burners are incorporated on 
the underside of the plate. Generally, rivet-type heads 
are utilized for stripping pins, and the greater the 
area of each head the more efficient the stripping ac- 
tion, provided they are spaced uniformly around the 
pattern. Stripping pins should be outside the mold 
cavity and equipped with properly tempered springs, 
preferably of stainless steel, or a mechanical arrange- 
ment for automatic return after the release of the 
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mold. Bolting lugs have also been employed on pat- 
terns manufactured at the New York Naval Shipyard. 
These are illustrated on the pattern plate in Fig. 7. 
These lugs are about 5/16-in. high and 4-in, in 
diameter, with a generous draft, and can be punched 
out to accommodate a bolt and nut. These lugs also 
serve to prevent “drops” and peeling when the pat- 
tern plate is removed from the molding machine 
after the dwell period and inverted to its normal posi- 
tion. 

It has been determined that for the aluminum al- 
loys, tin bronzes, cast iron and carbon steels that nor- | 
mal linear shrinkage for the alloy involved may be 
employed. However, it should be noted that in any 
precision casting process direct experience involving 
shrinkage characteristics of different casting designs 
must be developed since the total shrinkage in cast- 
ings will differ depending upon design, size and re- 
straint during solidification. 

It is the practice at the New York Naval Shipyard 











Foundry to “season” a new pattern plate. This is 
accomplished by 1) removing all grease and oil from 

the pattern with a solvent; 2) heating the pattern to 
600 F and holding at that temperature for 3 to 4 hr; 


3) removing additional grease and oil on face of pat- 

tern with a solvent; 4) applying by rubbing a thin | 
filma of silicone grease; 5) reheating pattern to 600 F; | 
aud 6) manufacturing several molds which generally 
are destroyed. Once a pattern plate has been seasoned ) 
it is cleaned with a solvent at the end of a shift. To 
prepare it for operation at the beginning of a shift a 
50 per cent solution of a silicone water emulsion is ' 
sprayed on the hot face of the pattern. 

Gating and Heading. Sound principles of gating and ' 
heading cannot be ignored in this casting process, if 
castings free from objectionable internal defects are 
to be manufactured. However, the principal difficulty 
surrounding shell molding in the early stages of devel- 
opment was that new principles of gating had to be 
adopted. The pouring rate for shell molded castings 
is considerably increased as compared with green sand 
castings for the same gating system primarily because 
of the lessened resistance of the mold wall and in- 
creased permeability of the shell. As a result, the best 
performance for a shell molded gating system in all 
alloys is obtained with areas of sprues, runner bars 
and ingates which are considerably less in volume 
than the system ordinarily applied to the alloy in- 
volved in conventional practice, Generally, for alum- 
inum alloys, tin bronzes, malleable, gray and ductile 
iron, choked ingates and the judicious use of dross 
catchers must be practiced at all times. In addition, 
the volume of riser metal may be reduced for some 
alloys. In general, this will result in an increased 
yield for shell molded castings as opposed to conven- 
tional practice. 

Gating methods which provide for pouring molds 
on end will lend themselves to the best productive 
arrangement for supporting the molds and pouring 
off either with or without backup. However, there 
are instances in the aluminum alloys and tin bronzes 
for smaller castings which are “treed’’ and poured 
vertically where penetration is evidenced on the cast- 
ings in the lower part of the mold. The casting sur- 
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Fig. 8 (above )—-Example of typical ductile iron shell mold 
gating system. 


face generally improves on castings in this category 
from the bottom to the top of the mold. In some 
cases, this has been corrected by adding silica flour 
to the investment formulation or by drastic modifi- 
cation in the gating system. However, it has been 
found most expedient to pour these castings horizon- 
tally. —The medium carbon steels produced in shell 
molds at the New York Naval Shipyard Foundry are 
all poured on the flat for optimum results in surface 
finish. 

No specific area relationships for sprue, runner bar 
and ingate have been finalized for all alloys. Gener- 
ally, it has been found desirable to taper the down- 
sprue in an area ratio of 4:1. The runner bar should 
be greater in area of the sprue and the ingate should 
then be choked. Dross catchers should be provided, 
of course, in strategic locations in the system for the 
high drossing alloys, 









Fig. 10 (above)—Pattern plate, 18 x 22 in., for 12-in. 
dia. wire rope sheave. 








Fig. 9 (right)—Positive print of gammagraph illustrating 
dross catchers in ductile iron gating system. 


An example of a shell molding gating system for 
a ductile iron staging clamp casting, which incorpor- 
ates extensive choking and dross catching arrange- 
ments is illustrated in Fig. 8. The effectiveness of the 
dross catcher is illustrated in the positive print of a 
radiograph of this gating system shown in Fig. 9. 

An example of increased yield which may be ob- 
tained in shell molded castings as compared with 
green sand castings is shown in Fig. 10, which is a 
photograph of the master pattern plate arrangement 
for a 0.45 per cent carbon steel, 12 in. wire rope block 
sheave wheel. To produce this casting radiographic- 
ally sound by green sand practice necessitated risers 
on the periphery or chill inserts in the core around 
the root of the groove. As illustrated in Fig. 11, this 
casting is currently being shell molded with a con- 
ventional zircon core and no chills. 

In addition to producing a radiographically ac- 








Fig. 11 (right)—12-in. 
with zircon core. 


dia. wire rope sheave mold halves, 





Fig. 12 (above )—-12-in. dia. wire rope sheave, as-cast. 


ceptable casting, all machining has been eliminated 
with the exception of a facing and boring operation 
on the hub and a filing operation on the root of the 
groove. This casting, shown as-cast in Fig. 12, is an 
illustration of an application of shell molding where 
improved yield and the elimination of certain ma- 
chining operations justified the use of this method 
even though very close tolerances and high surface 
finish were not particularly important. 


Dimensional Tolerance. The shell molding process 
can be considered a “precision” casting process. It 
is generally thought of as being midway between sand 
casting and the lost-wax technique. However, it is be- 
lieved that if castings approaching the size of those 
commonly made in shell molds were manufactured by 
the lost-wax process, no greaicr degree of tolerance 
would be obtained. Tolerances of +0.003 to +0.005 
in./in. are considered commercially feasible in alum- 
inum alloys, tin bronzes and gray iron. On alloys 
which may require heat treatment such a ductile and 
malleable iron, steel and some aluminum alloys con- 
sideration should be given to the effect of growth and 
the control of distortion on critical casting dimen- 
sions. Generally, a more liberal tolerance require- 
ment is necessary on the larger castings in these alloys. 





The parting line dimension will usually present 
the greatest difficulty in reproducing close tolerances 
and will generally require a wider tolerance than -in- 
dicated above. Hence, all master pattern plates should 
be designed carefully with this in mind, and wherever 
possible single-draw patterns should be utilized. The 
manner in which mold halves are closed and backed 
up will also affect parting line tolerance considerably. 
Extremely close tolerances may be obtained with in- 
ternal cores in all alloys and in castings produced in 
the aluminum alloys. An ordnance cover casting (Fig. 
13), cast in aluminum-silicon alloy (No. 43) was held 
to +.015 in. on the over-all length and width and to 
+0.005 in. in the width and depth of the gasket 


groove. 
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Fig. 13 (right)—5 per cent Si-Al ordnance cover—as-cast. 


Shell molding, however, has one basic limitation 
insofar as maintaining close dimensional tolerances 
are concerned, and that appears to be the inability to 
achieve O.D. concentricity on a vertically parted cyl- 
inder with silica sand shell molds. ‘The O.D. dimen- 
sion of a shell mold along the parting line, which is 
held by some mechanical arrangement or by pasting, 
and acts essentially as a stiffening rib, will frequently 
produce castings up to 0.035 in. smaller in diameter 
than the O.D. dimension, 90 degrees from the parting 
line. In some instances an actual flat along the part- 
ing line can be detected in the casting. “Faking” the 
master pattern, i.e., making a proper allowance for 
this condition will overcome this deficiency in part. 
To avoid excessive O.D. eccentricity on vertically 
parted cylinders, it is essential that close control of 
resin/sand mixtures, cycling, shell thickness, and 
method of backing up be exercised. The use of mold- 
ing materials with high hot strength and flexural 
strength will also serve to eliminate this deficiency 
found with silica sands, 

The apparent stability of shell molds and cores 
with regard to resistance to deterioration and mois- 
ture absorption, coupled with their structural strength 
and lack of dimensional change, make them particu- 
larly suitable for storage over indefinite periods. Shell 
molds may be shipped to various plants of a company 
for pouring, thus reducing duplication of master pat- 
tern equipment. There is at least one shell molding 
installation in this country where shell molds may be 
procured for pour-off by a conventional sand foundry. 

Shell molds generally have a high degree of cold 
permeability which is apparent by the ease with 
which smoke can be blown through them. Hence, if 
a backing material of high permeability is utilized, 
the gases generated from the decomposing organic 
binder are adequately vented with very little back 
pressure. This, coupled with low frictional losses due 
to the smooth mold face, permits the running of sec- 
tions which normally would be a problem in conven- 
tional sand molds. 
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Figs. 14, 15, 16 (top to bottom). Fig. 14—Assembled 
mounting panel mold. Fig. 15—Shot loading tank and 
valving hose. Fig. 16—Bedding boxes with molds pre- 
pared for casting. 


Mold Closing. Shell molds may be closed in a var- 
iety of ways. Clamping the outside edges with spring 
wire, bolting, utilizing a heat-setting resin and seal- 
ing tape are all practiced. The choice of method will 
depend primarily on the amount of finning which 
can be permitted and the degree of tolerance re- 
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quired. It has been found that bolting the molds 
closely about the casting cavities will yield the best 
results. Bolting is a practice employed extensively at 
the New York Naval Shipyard Foundry. A torque- 
controlled electric nut runner is utilized, and while 
bolting itself is accomplished expeditiously, the re- 
clamation or cost of the bolts probably makes this 
the most expensive of all the techniques. However, 
the results obtained or the requirements for the cast- 
ing frequently will dictate this method of mold assem- 
bly. A mold closed by bolting is illustrated in Fig. 14. 

In some instances, no mechanical clamping device 
is utilized, and the molds are held together closely 
by the vibrated steel shot back-up material. It has 
been the general practice to back up molds with steel 
shot. The prime purpose of the back-up material is 
to resist deformation of the mold wall under the hy- 
drostatic head of metal pressure. Other materials such 
as sand and a proprietary angular blasting grit have 
been used successfully. The use of metal shot, how- 
ever, presents a critical material handling problem. 
Such difficulties as shot overheating, removal of fines 
from the shot, shot loss due to metal spillage, and 
the safety hazards involved when loose shot is on the 
floor in the pouring area, have not been fully re- 
solved. Whatever material is used, however, should 
be vibrated during backing up and should have suf- 
ficient permeability, since this factor is an important 
one in venting mold gases. The 2-ton capacity shot 
loading tank with discharge hose and valving arrange- 
ment utilized for shell molding jobbing work at the 
New York Naval Shipyard foundry is shown in Fig. 
15. The hopper is constructed of welded steel plate 
with a wire mesh screen attached to the open end for 
screening out mold fragments and tramp metal dur- 
ing reloading. Lifting pads permit the tank to be 
positioned over the mold bedding boxes by crane. 
For bedding welded steel boxes illustrated in Fig. 16 
are utilized. The larger box accommodates four to 
eight vertically positioned molds and incorporates a 
gate-type discharge and crane lift pads for return of 
shot to the loading tank. The smaller box holds one 
horizontally positioned mold. Practically any degree 
of mechanization can be incorporated into the shot 
loading and bedding operation, depending upon the 
volume and different sizes of molds which are pro- 
cessed on a daily basis. 

In some instances, when the total weight of the 
castings poured into shell molds is small, no back-up 
material is required. Molds of this type may be rocked 
vertically or postioned horizontally for pouring. Shell 
molds have also been stacked horizontally and poured, 
or in some instances positioned vertically and 
clamped together by pneumatic pressure. In order to 
obtain bearing surfaces on irregular contours, at the 
high points, molds are either “struck off’ prior to 
curing or are ground after curing. 

Cores. The technology of blowing shell cores of 
free-flowing resin-sand mixtures has not advanced as 
rapidly as moldmaking techniques. At the present 
time no commercial equipment is available to indus- 
try for the production of shell cores. All develop- 
ment work in coreblowing is being accomplished with 
equipment designed or adapted by the foundry in- 











Fig. 17—By-pass mold, with core; cope and drag halves. 


volved. The principal difficulties experienced in core- 
blowing have been resin segregation, vents clogged 
with cured resin-sand mixtures and core box wear. 
The resin segregation problem can be resolved satis- 
factorily by the use of wetting agents. Further devel- 
opment of a suitable procedure for coating sand 
grains with a resin film will undoubtedly eliminate 
segregation as a problem in itself. However, the prob- 
lems of venting and core box wear have not been com- 
pletely resolved. Figure 17 illustrates a shell core 
which was produced experimentally by blowing. The 
investment was blown upward and into a heated 
booked core box at 30 lb pressure. The core box was 
positioned and clamped with one open end over the 
blowhole, the other resting over a slotted air vent in 
a heat-resisting pad. The blow was of approximately 
12-sec duration, after which the loose center portion 
of the core, unaffected by the heat, was “‘slushed” out, 
allowing a 14-in. thick shell to adhere to the internal 
cavity. The box and adhering shell were cured in an 
oven at 600 F for 1 min, as in ordinary shell molding 
practice, after which the box was opened and the 
shell core stripped out. The cores produced by this 
technique, although tedious and obviously unecon- 
omical because of the nature of the equipment em- 
ployed, were uniformly thin, smooth and accurately 
sized, and in no case did the core produce casting de- 
fects through premature collapse, excessive hardness, 
or gas emission in gun metal bronze, beryllium cop- 
per, manganese bronze, gray cast iron or medium car- 
bon steel. 


Core Dumping Practice 


At the present stage of development of the process 
core “dumping”’ practices appear to be more success- 
ful and more economical. Shell cores which have 
been produced by the dumping technique have pro- 
duced excellent internal surface finishes to close di- 
mensional tolerances in non-ferrous alloys, and in 
gray, ductile and malleable iron compositions. The 
principal difficulty with the simple dumping tech- 
nique is that a uniform dense core surface cannot be 
obtained whenever a sharp radius or an intricate core 
design is encountered, Whenever an open surface 
structure on a core, or for that matter a mold, is ob- 
tained, it will result in a metal penetration or burn-in 
defect on the casting, and may necessitate a core wash 
for the high melting point alloys such as medium car- 
bon steel unless this condition can be corrected by a 








procedure change. It has been reported recently in 
the literature that vibration techniques have been suc- 
cessfully employed in producing a smooth, dense sur- 
face on shell cores, Shell cores may be employed sat- 
isfactorily with green sand molds, particularly where 
smooth, accurate internal surfaces are required and 
the O.D. will be finished by machining. Conversely, 
shell molds may also be employed with dry sand cores. 
In the United States foundry industry today simple 
shell cores are being manufactured for both malle- 
able, gray iron and ductile iron on a competitive 
basis with conventional dry sand cores produced by 
blowing, particularly when consideration is given to 
the indirect cost savings such as driers, expensive 
baking ovens and space requirements. 


Mechanization. When the required volume of cast- 
ing production is high, favorable opportunities exist 
for a complete mechanization of the shell molding 
system. One of the outstanding advantages of the 
process is the fact that lower grade skills may be util- 
ized and that various degrees of mechanization can 
be incorporated into a system, depending upon the 
economics of the situation. 

Industrial equipment currently being designed or 
recently placed on the commercial market is generally 
of two basic types, one in which the stations or opera- 
tions are incorporated in a single, automatic mold- 
ing machine, and the other a typical loop with sep- 
arate stations for moldmaking, curing, stripping, coat- 
ing the pattern and preheating. In the single-stage 
equipment one pattern plate is utilized and the rate 
of production is determined by the complete mold- 
ing cycle. Hence, every effort is being exerted in the 
utilization of this equipment to employ resins with 
extremely fast cure rates and anti-distortion proper- 
ties, and to maintain a sufficiently high temperature 
head on the pattern plate to permit continuous oper- 
ation. One basic early difficulty in connection with 
the development of single-stage equipment was the 
inability to maintain the proper operating tempera- 
ture on the pattern plate, necessitating reheating. To 
manufacture several different castings simultaneously 
with single-stage equipment, it would obviously be 
necessary to utilize more than one machine. 

In the multi-stage machine several pattern plates 
are required for continuous production. These pat- 
tern plates may represent several different castings. 
In the multi-stage operation the dwell time will deter- 
mine the rate of production. One serious disadvan- 
tage of the loop system is that in the event of a serious 
mechanical breakdown the whole line must be shut 
down. 

The single stage and loop systems as a general rule 
will employ dutch-type ovens either electrically or gas 
heated, with automatic temperature control. In the 
multi-stage loop system variable belt speeds through 
the curing and preheating ovens can be maintained as 
desired. Some loop systems use an overhead invest- 
ment dispenser, while others use the conventional 
mold inversion technique. 

At the present time there are approximately 15 
companies offering industrial shell molding equip- 
ment to the foundry industry. Figures 18 and 19 illus- 
trate two types of automatic single stage machines 
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Fig. 18—Single stage automatic shell molding machine. 


which are currently available in production on a var- 
iety of automotive and miscellaneous castings in gray 
iron, malleable and stainless steel. The machine 
shown in Fig. 18 accommodates two sizes of pattern 
plates, 26 x 41 in. and 20 x 30 in. According to the 
manufacturer shells are produced on a basic cycle of 
45 to 60 shells per hour on patterns with a maximum 
height of 8 and 6 in., respectively. The curing ovens 
for the machine can be either gas-fired or electrically 
heated, and the floor space requirement for the larger 
unit is 10 x 10 ft. The machine illustrated in Fig. 19 
will produce approximately a 26 x 41-in. shell with a 
7-in. maximum draw at an approximate rate of 40 
shells per hour. The curing oven is gas-fired. An ex- 
ample of a multi-stage rotary unit is illustrated in 
Figs. 20 and 21. This machine has 12 pattern stations 


Fig. 20 (above )—Rotary shell mold machine. 











Fig. 19—Single stage automatic shell molding machine. 


and, according to the manufacturer, is capable of pro- 
ducing 500 shells per hour with one man. The pat- 
tern size utilized by this particular machine is 22 x 
28 in. to a maximum draw of 8 to 9 in. The unit has 
a seli-contained sand and resin blending unit that 
feeds both resin and sand in the correct mixture con- 
tinuously to the 12 sand boxes attached to the 12 pat- 
tern stations. This unit has not as yet been installed 
nor operated in a production foundry and is still un- 
dergoing tests by the manufacturer. 

By suitable masking of the master pattern, it is 
possible to produce one or more complete molds from 
each shell made by all the machines described. Obvi- 
ously this would necessitate very accutate machining 
and mounting of the multiple patterns so that each 
of the shells may be utilized interchangeably. 





Fig. 21—Pattern plate and mold for shell mold machine. 
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Plant Safety. The pulverized and fine silica sands 
frequently used in the shell molding process may con- 
stitute a respiratory hazard. In addition the use of 
relatively high resin percentages increases the possi- 
bility of contact dermatitis, particularly with pheno- 
lic resins containing hexamethylenetetramine. As 
part of an industrial health survey of the shell mold- 
ing installation at the New York Naval Shipyard con- 
ducted by the Shipyard’s Industrial Health Depart- 
ment, it was determined that in a conventional resin- 
sand mixture ‘under agitation there was an inversion 
in the concentration of sand and resin from a 91-9 
mixture, so that at normal working distances, em- 
ployees are exposed to concentration of approxi- 
mately 90 per cent resin and 10 per cent sand. Part 
of the basic recommendations of this survey included 
the ventilation of the molding and curing areas and 
the mulling or mixing of sand-resin mixtures with a 
dust-proof cover. In highly mechanized installations 
where large tonnages of sand and resin are processed 
on a daily basis, consideration should be given to the 
possibility of dust explosions. 

Metallurgy. There had been some claims in connec- 
tion with the shell molding process that castings pro- 
duced in shell molds backed with steel shot are sub- 
ject to a greater skin chill than those poured in con- 
ventional green sand or in “unbacked’’ shell molds. 

The work conducted on a bronze alloy, at the lab- 
oratory with which the author is associated did not 
confirm this concept. To investigate this claim quali- 
tatively a simple wedge casting was poured in shell 
molds, which were backed up with various kinds of 
materials such as rammed green sand, steel blasting 
grit, medium steel shot, and copper shot along with 
a green sand control casting. All shell molds were 
l4-in. thick and all molds were poured at 2050 F. 
Figure 22 illustrates photomacrographs of longitudin- 
ally etched sections through these wedge castings. It 
will be noted that the grain size pattern in the green 
sand control casting is smaller than in any of the 
castings poured in plastic bonded shell molds regard- 
less of the type of back-up employed. This is indica- 
tive of a greater rate of cooling on solidification in 
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Fig. 22—Effect of varying back-up material on the macro- 
structure of shell-cast “G” bronze test plates. 
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Fig. 23—Exographs of thin slices—effect of varying back- 
up material on the soundness of shell-cast “G” bronze 
test plates. 


green sand than in plastic bonded shell molds, or a 
greater insulating effect of the plastic bonded sands. 
The same effect has been reported by other investiga- 
tors in steel. It will also be noted in Fig. 22 that there 
does not appear to be any appreciable differences in 
cooling rate, reflected by grain size, between the cop- 
per-shot-backed shell mold and steel shot despite great 
differer:ces in their thermal conductivity, which is an- 
other indication of the insulating effect of shell molds. 
Other investigators have reported that back-up mater- 
ials for some of the higher temperature alloys seem to 
have a significant effect on cooling rate in ductile and 
gray iron. Some producers have backed-up shell molds 
in a dry silica sand in an effort to produce maximum 
as-cast ductility in spheroidal iron. 

The effect of shell mold back-up on the internal 
soundness of bronze castings as compared with green 
sand castings in the same alloy is shown in Fig. 23, 
which represents positive prints of exographs of 14- 
in. thick slices of the specimens shown in Fig. 22. The 
greater degree of internal soundness of the shell 
molded castings as opposed to the green sand control 
will be noted. The green sand control casting, how- 
ever, showed a greater amount of skin effect. In the 
shell molds, the specimens backed with steel and cop- 
per shot appeared to have a greater degree of internal 
soundness than the green sand and grit backed speci- 
mens, probably due to the higher permeability of the 
shot in venting mold gases. 

Further investigations of the effect of back-up ma- 
terial on macrostructure and soundness utilizing other 
alloys and other backing materials were pursued. 
Standardized 14-in. shell wedge molds were prepared 
in the usual manner and two each were bedded in 
fine zircon sand, steel grit, medium steel shot, rammed 
green sand, and copper shot representing materials 
of widely varying thermal conductivity, together with 
two green sand molded control wedges. Four test 
series were run, one each in an aluminum alloy (5 per 
cent silicon) poured at 1250 F, 88-8-4 bronze at 2050 F, 
gray iron at 2750 F, and Navy class “B” steel at 2960 
F. Thin slices (14-in.) were taken from all wedges 
2 in. from the side opposite the gate for x-ray radio- 
ography, while the adjacent slices were polished and 
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etched for macro-examination on the bronze and alu- 
minum slices. 

An inspection of the macro-etched aluminum slices 
showed no marked differences in degree of chill be- 
tween the sand cast and shell cast wedge specimens. 
Exographs of thin slices indicated some slight porosity 
on all specimens, with little difference in internal un- 
soundness. 

As noted previously, the bronze sand-cast macro- 
structure displayed a small, equiaxed grain pattern 
with evidences of skin chill, while all shell-cast speci- 
mens showed large equiaxed grains, without skin 
chill. The lighter backing materials allowed some 
swelling of the mold, yielding oversized specimens. 
This would indicate that on heavier castings requir- 
ing close dimensional tolerances the use of a common 
foundry sand back-up should be explored carefully 
before being utilized in production. Thin-slice exo- 
graphs further illustrated the skin chill condition in 
the green sand control and confirmed the greater de- 
gree of soundness in the shot-backed castings. 

The gray iron shell-cast slices shown in Fig. 24 dis- 
played no significant differences on x-ray examination 
insofar as gas porosity was concerned. Slight shrink- 
age was present under the sinkhead on the zircon and 
steel shot backed specimens. As in the gun metal 
bronze series, the zircon and green sand backed speci- 
mens showed swelling indicative of mold deflection. 
The green sand control exhibited some surface rough- 
ness due to the gating technique employed. 

A reversal in the general soundness trend of the 
three alloys was apparent from the examination of 
the class “B” steel thin-slice exographs in this series 
shown in Fig. 25. The control showed less unsound- 
ness due to gas than any of the shell-cast specimens, 
although some expected shrinkage due to gating de- 
sign was present in all. Little difference was noted in 
the shell-cast series. Modification of the basic invest- 
ment which was utilized in production with this alloy 
eliminated this tendency and produced radiographic- 
ally sound castings. 

Effect of Shell Thickness. To investigate the effect 
of shell thickness, wedge molds were prepared in 
thicknesses of 46, 14, 4, and %,-in.Two molds of 
each thickness were clamped and bedded in medium 
steel shot, with 21% in. of backing. These were cast off 
in a 5 per cent silicon-aluminum alloy at 1250 F, in 
gun metal bronze at 2050 F, gray iron at 2750 F, and 
Navy class “B” steel at 2950 F. Two green sand control 
plates were cast with each series. As in the back-up 
test series, 14-in. thin slices were taken from the 
wedges, longitudinally, at 2 in. from the side opposite 
the gate for x-ray inspection, while the adjacent slices 
were macroetched in the case of gun metal bronze and 
aluminum alloy specimens. 

No appreciable difference in soundness between 
castings of varying shell mold thickness were found 
on examination if the aluminum macros and 
exographs, although the mean grain size of the sand- 
cast control was slightly smaller. Exographs of the 
bronze specimens, Fig. 26, did not indicate any ap- 
preciable sensitivity to shell thickness from the stand- 
point of internal unsoundness. The macros as shown 
in Fig. 27 showed the skin chill condition on the 


Fig. 25—Exographs of thin slices—effect of varying back-up materials 


on the soundness of shell-cast class “B” steel test plates. 


Fig. 24—Exographs of thin slices—effect of varying back-up material on 


the soundness of shell cast gray iron test plates. 
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Fig. 26—Exographs of thin slices—effect of shell thickness 


on soundness of shell-cast “G” bronze test plates. 


green sand control, and the usual lack of skin chill 
in the shell mold castings. A definite trend toward 
larger grain size as the thickness of the shell is in- 
creased can be noted, This is indicative again of the 
insulating effect of shell molds. 

The shell-cast gray iron slices exhibited light 
shrinkage at the sinkhead wedge junction, with a 
slightly heavier shrinkage condition on the 14 in. and 


¥4g in. shell slices than on the two heavier shell speci- 


mens. The controls showed least shrinkage, possibly 
due to a slight gas porosity condition, but had rough- 
er surface. 

Over-all x-ray radiography on the steel wedge plates 
demonstrated that the green sand controls were in- 


Fig. 28—Exographs of thin slices—effect of shell thickness 
on soundness of shell-cast class “B” steel test plates. 
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Fig. 27—Effect of varying mold thickness on the macro- 


structure of shell-cast “G” bronze test plates. 


ferior from the standpoint of surface finish, although 
all castings possessed a certain amount of shrinkage 
due to gating design. Thin slice x-rays, Fig. 28, 
showed the shrinkage in the casting to be slightly less 
extensive in the 4,-in. shell, with little difference in 
gas porosity between any of the shells and green sand 
control. 

Effect of Curing Time. To investigate the effect of 
this variable on macrostructure and internal unsound- 
ness, a number of wedge plate molds were made fol- 
lowing standard procedures, except that curing time 
at 600 F was varied from 14 min to 214 min. Two 
molds in each cure time group were clamped, bedded 
in 214 in, of steel shot, and poured in gun metal 
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Fig. 29 (right)—Effect of varying base sand on the macro- 
structure of shell-cast No. 43 aluminum alloy test plates. 
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bronze at 2050 F, together with two green sand con- 
trol plates. The castings were sectioned in the usual 
manner, a 1¥-in. slice being taken 2 in. from the end 
opposite the gate, with the adjoining slice etched for 
macroexamination. No significant differences in the 
degree of internal unsoundness were noted in either 
the macrostructure or exographs. 

Effect of Base Sand. To determine the effect of a 
substitute sand grain such as zircon sand (a consider- 
ably denser material of higher heat conductivity), 
a number of 14-in. shell wedge molds were prepared. 
One set contained a normal silica sand mix; the other 
a fine (about 140 AFS) zircon sand, in the proper pro- 
portion (4.5 per cent by weight) to maintain the nor- 
mal sand to resin volume relationship. Eight molds 
of each type were clamped and bedded in steel shot, 
21% in. all around, together with eight green sand con- 
trol plate molds. Two of each were cast in a 5 per 
cent silicon-aluminum alloy at 1250 F, gun metal 
bronze at 2050 F, gray iron at 2740 F, and class “B” 
steel at 2950 F. Macro and thin slice x-ray specimens 
were taken in the usual way. 

The photomacrographs of the aluminum slices, Fig. 
29, showed a finer grain size in the zircon-cast speci- 
men, indicative of a more rapid rate of solidification. 
Positive prints of exographs of thin slices showed 
equivalent microporosity in green-sand and silica-shell 
cast slices, with somewhat less microporosity in the 
zircon specimen. Over-all x-ray radiography on the 
aluminum wedge plates confirmed this condition. 

In the bronze plates, a finer grain size was evi- 
denced by the specimens cast in a zircon shell as com- 
pared with those cast in green sand or silica shells 
(Fig. 30). 

Exographs of the gray iron specimens showed an 
area of shrinkage at the sinkhead-plate junction of 
the sand cast plate, with less shrinkage in the silica 
shell specimen and practically none in the zircon shell 
slices (Fig. 31). The exographs of the class “B’’ steel 
slices cast in silica and zircon shell molds did not ex- 
hibit any appreciable differences. 

Comparison of Mechanical Properties. Duplicate 
heats were run to determine the optimum pouring 











(Left) 


Fig. 30—Effect of varying base sand on 
the macrostructure of shell-cast ‘G” 
bronze test plates. 


(Right) 


Fig. 31—Exographs of thin slices—effect 
of varying base sand on the soundness of 
gray iron test plates. 








temperature for shell-cast 5 per cent silicon-aluminum 
alloys and to secure comparisons of elongations and 
ultimate strengths between shell-cast and green-sand 
bars at various pouring temperatures. For these heats, 
the as-cast 0.505-in. double tensile bar design was 
used, as shown in Fig. 32, the plastic bonded shells 
being molded with a 10 x 12 in. plate and pattern, 
and the green sand counterparts being made in No. O 
naturally bonded Albany sand with a wood pattern 
of similar design and dimensions. In each heat two 
shell molds and two green sand molded tensile cou- 
pons were poured off at each of the following pouring 
temperatures—1350, 1300, 1250 and 1200 F. In addi- 
tion, two shell-mold wedge plates and two green sand 
control plates were poured off at each temperature. 
All shell molds were bedded with a 2 in. thickness of 
steel shot. 

The graphed results are shown in Fig. 33. It was 
observed that at the higher and optimum pouring 
temperatures, the over-all properties were slightly su- 





Fig. 32—As-cast aluminum alloy test bar (43 alloy), shell 
molded. 



















































































19700, 
19300 7 
0 Va /. 
a 
£ 18900 LZ 
oe 
= 
a 
C 
= 18500 A 
© 
> 
18100 A 
—O— Plastic Bonded 
_ Shell Mold 
—@— Green Sand Mold 
| 
‘ 8.0 T 
N 
© = 
Pad Py 
§ 7.0 7 ~O 
r) 
o 
ce 
a 
w 
60@- 
1350 1300 1250 1200 


Casting Temperature °F 


Fig. 33 (above)—Mechanical properties vs. pour tem- 
perature No. 43 aluminum alloy shell cast and green sand 
cast tensile bars. 


perior for the shell-cast specimens. Exographs of thin 
slices taken from the wedge specimens indicated a 
tendency for a greater degree of internal soundness 
in the shell-cast specimens. It is believed that the su- 
perior properties of shell cast bars at the temperatures 
noted are due to the improved cleanliness of the ten- 
sile bars. 

For similarly testing the tin-bronze tensile bars, the 
pattern equipment used was a double bottom-gated 
test coupon pattern mounted on a 14 x 18-in, plate 
(Fig. 6) for shell molding and a wooden counterpart 
mounted on a follow-board for green sand molding. 
Two types of tensile bar inserts were used for each 
pattern, one a pair of bars of standard oversize gage 
diameter requiring machining to finish to 0.505-in. 
gage diameter, and the second a pair calculated to 
cast to approximately 0.505-in. gage diameter. The 
purpose of this latter set was to secure additional data 
relative to the skin chill effect, or lack of skin chill, 
on comparative mechanical properties of shell-cast 
bars. 

Four Navy “M” or valve bronze heats were run in 
this series, consisting of two duplicate heats for each 
type of tensile bar insert used. In each heat shell 
molds bedded in steel shot and five green sand 
molded counterparts were cast, one of each for the 
following temperatures: 2150, 2100 2050, 2000 and 
1950 F. 

The graphed results (Fig. 34) for the as-cast 0.505- 
in. tension bar inserts showed higher ultimates and 
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Fig. 34 (right)—Mechanical properties vs. pour temper- 
ature; Navy “M” bronze, as-cast gage shell and green 
sand cast tensile bars. 
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elongation at virtually all pouring temperatures for 
the shell-cast specimens, but lower yield strengths. On 
ihe machined bar series (Fig. 35) the averaged values 
‘ollowed the same pattern, with ultimates and elonga- 
tions and lower yield strengths throughout the range. 

The green sand test specimens generally exhibited 
a greater amount of dross and gas porosity than the 
chell-cast specimens. The lower yield strengths of the 
shell cast test bars as compared with green sand bars 
may be due to the slower cooling rate and lack of 
skin chill exhibited by the shell molded test bars. 

In summary, development data and production ex- 
perience indicates that shell molded castings in the 
ferrous and non-ferrous alloys can develop mechan- 
ical properties and internal soundness, at least equal 
to, if not superior to green sand castings. The trend 
toward greater internal soundness and high mechan- 
ical properties in the shell molded castings can be 
attributed to cleaner metal with less gas inclusions 
and dross, This is probably a function of a consis- 
tently clean mold with good permeability and venting 
capacity. 

Applications and Economics 

The shell molding process is currently being util- 
ized on a variety of parts predominantly in the fer- 
rous alloys (gray, malleable and spheroidal iron). 
The applications which may be suitable are closely 
related to the economics of the process as compared 
with conventional practice. From an over-all point 
of view every casting design is not suited for the shell- 
molding process. Tooling costs are still relatively 
high, and hence the necessary volume is a basic re- 
quirement. Second, the design of the casting must 
lend itself to a suitable parting and gating arrange- 
ment, Third, and possibly the most important fac- 
tor, will be the degree of savings that can be effected 
in the cleaning room and machine shop, since the 
greatest economies will generally be effected in these 
departments. No general rule for a cost comparison 
with sand castings can be derived. Each casting must 
be examined on its own merits. Other considerations, 
however, which may be factors in considering the util- 
ization of the shell process as 2 production technique 
involves the conservation of material normally re- 
moved during machin‘ng operations, or in parts pro- 
duced in an alloy that is difficult to machine, or in a 
significant decrease in foundry rejections. In the first 
case, if a large amount of material is removed in ma- 
chining, or in the second case if machining costs are 
high, it may be advisable to consider shell molding 
as on alternative and possibly more economical meth- 
od of manufacture. 

At the present stage of development shell molding 
is particularly suited to the production of castings in 
aluminum alloys, certain bronzes and brasses, high 
conductivity copper, malleable, gray and ductile iron 
and stainless steels. In the production of medium car- 
bon steels careful control of investment formulations 
and processing and proper conditioning of the molten 
metal are necessary, if pinholing difficulties are to be 
avoided. In the case of small tin bronze or aluminum 
castings, as indicated previously, which have been 
“treed” as in the investment casting process and 
peured vertically, some difficulty has been exper- 





ienced in penetration and “burning in” on the cast- 
ings in the lower part of the mold. 

The following applications for shell molded cast- 
ings be‘ng produced on a production basis have been 
reported: 6 

a) Automotive castings in gray iron such as gov 
ernor bodies and bushings for automatic drives, ex- 
haust valves in alloy steel, camshafts, rocker arms and 
crankshafts. 

b) Agricultural castings such as rocker arm _brac- 
kets, pinion bearing cages, crankshaft pulleys, exhaust 
pipe flanges and brake drums. 

c) Valve bodies, bonnets and pipe fittings such as 
tees and ells in stainless steel and bronze. 

d) Ordnance parts in magnesium, aluminum, duc- 
tile and malleable iron. 

e) High conductivity copper castings. 

In addition to the above many miscellaneous cast- 
ings are currently being evaluated for aircraft or gen- 
eral machinery utilization. 

At the Shipyard Foundry with which the author is 
associated many different applications have been ex- 
plored in the laboratory, and a production unit on a 
jobbing basis has been in operation for several years. 
The operation of this shell-molding unit, previously 
illustrated, which has been operated on a very simple, 
manual basis has established the fact that consider- 
able economies can be derived by the utilization ol 
this process on a jobbing basis provided the proper 
casting application is selected. ‘The determination of 
the feasibility of the process on a particular casting 
design can be accomplished quite economically and 
quickly. A wooden dump box or a hand-charging de- 
vice, an oven which is capable of attaining a mini- 
mum temperature of 500 F and an aluminum match- 
plate or a steel plate with a rough mounted pattern 
is all that is required. On occasion, to explore certain 
applications, rough sand castings in bronze have been 
hand-tooled and mounted. This is illustrated in Fig. 
36. On this impeller casting, which was subsequently 
cast in several alloys to determine the practicability of 
manufacturing similar parts, a slight backdraft con- 
dition existed on several vanes which were 49-in. 
thick at the tip. However, suitable shells and cast- 
ings in aluminum alloys and gray iron were obtained 


by this technique. 

The first production shell-molding job which was 
assumed by the New York Naval Shipyard centered 
around several fire control instrument components in 





Fig. 36—10 x 12 in. impeller pattern plate. 











Fig. 37—14 x 18 in. pattern plates for mounting panel. 


a 5 per cent silicon-aluminum alloy. The original de- 
sign specified sheet metal fabrication, but long-term 
delivery quotations necessitated a study of shell mold- 
ing possibilities, Shell molding as a manufacturing 
technique was finally decided upon due to the ex- 
pected savings in the machining of gasket grooves of 
certain castings, superior surface finishes which were 
expected to reduce surface preparation for final paint- 
ing, and the limited machine tool facilities available 
at that time. Quantities for each item ranged from 
1300 to 4000 pieces. 

The larger and more critical castings involved 
were: a) a cover casting; b) a mounting panel; and c) 
a motor mounting bracket. The plate equipment for 
the cover and mounting panel castings, was of alloy 
cast iron, while the patterns were of machined medium 
carbon steel, with aluminum runners in some in- 
stances. The plate and pattern for the motor bracket 
casting were of aluminum alloy throughout. All plates 
incorporated button-head, spring-return stripping pins 
for mold ejection, and small tapered buttons for bolt- 
ing mold halves together. 

The pattern equipment for the mounting panel 
casting is illustrated in Fig. 37. The pattern is bottom 
gated with choked ingates, while three small “risers” 
hold the top rim section. A dry sand pouring cup was 
set in a print at the top of the downgate. Metal 
shrinkage was provided on the pattern as in normal 
sand practice, i.e., 34, in. per ft. The maximum cast- 
ing tolerance specified was +.010 in. on a 13.75-in. 
length and 8.875-in. width of the casting, and +.005- 
in. on the depth and width of the gasket groove. The 
average tolerance on all other dimensions, including 
bore locations, was +.010-in. The pouring weight was 
6.5 Ib. 

The cover casting, shown previously in Fig. 13, pre- 
sented an additional problem in that the only avail- 
able pattern plate size 14 x 18 in. could not accommo- 
date a bottom-gating arrangement which was consid- 
ered desirable at that time. Consequently, it was nec- 
essary to gate on the flat, introducing the metal 
through three (3) choked ingates. Here again lack of 
head necessitated the use of a pouring cup. Casting 
tolerances on this 12.500 in. long and 9.876 in. wide 
cover were of approximately the same order as the 
mounting panel. ‘The poured weight was 6.6 lb. The 
motor bracket pattern, Fig. 7, was gang-gated, six to 
a mold. Difficulties in securing smooth surfaces on 
the lower castings on the tree with this gating arrange- 
ment necessitated a gating change. A print was lo- 
cated in the center of the runner to receive a dry sand 
pouring cup, and the mold was poured flat, without 
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shot backing. The poured weight was 6 lb. On this 
casting, tolerances varied from +0.005 to +0.010 in., 
with no draft permitted on the motor mounting sur- 
face. 

A portable muller mixer, shown in Fig. 38, was 
utilized for mixing the resin-sand mixture—150 AFS 
silica sand of five-screen distribution with 7 per cent 
resin was generally used. The dwell and cure cycles 
were as follows: 

a) Covers 
Dwell temperature range: 300 - 450 F (a resin 
with setting latitude used) 
Dwell time range: 10-15 sec, depending on plate 
temperature 
Cure temperature: 600 F 
Cure time: 50 to 60 sec, depending on plate temp- 
erature at dwell 
Average Mold Thickness: 344 - 4 in. 
b) Motor Bracket Mounting Panel 
Dwell temperature range: 370-450 F 
Dwell time range: 12-15 sec, depending on temp- 
erature 
Cure temperature: 600 F 
Cure time: 60 sec 
Average Mold Thickness: *4¢ - 4 in. 

After the shell mold was stripped free, it was placed 
down on leveling boards, and weighted with bags of 
shot to minimize distortion or handling deformation 
while hot. An elapsed time of 30 to 60 sec was gener- 
ally sufficient to eliminate any thermoplastic tend- 
encies in the shell mold. Following stripping, the 
pattern plate was run through as many cycles as the 
heat head permitted, which generally averaged three 
to five molds, depending on the resins employed. 
When one pattern half had cooled past the usable 
range, it was placed in the oven for reheating, and 
the other pattern half used until that too required 
reheating. Stripped and cooled shells were stored 
vertically in portable racks until ready for assembly. 
Typical mounting panel and cover molds are shown 
in Figs, 39 and 40, respectively. Due to the close tol- 





Fig. 38—Portable muller for blending resin-sand mixtures. 
































































tions made additional mold support unnecessary. 

Mounting panels, covers and motor brackets were 
poured from 1350 F down, 3 to a ladle. The pour- 
ing was done as close to the cup as possible, to mini- 
mize drop, and it was found necessary to control pour- 
ing temperatures very closely in order to minimize 
shrinkage. The molds collapsed readily on breakout, 
displaying carbonization in the mold section area im- 
mediately at and bordering the casting cavity, with 
the remaining portions apparently unaffected. In all 
instances, castings broke out cleanly, with no adher- 
ing sand. No sandblasting or other surface cleaning 
was required at any time. Finning was practically 
non-existent. 


Dimensional Tolerances Satisfactory 


Dimensional tolerances in all critical areas were 
held satisfactorily. Control castings from each heat 
were radiographed and found to be free from objec- 
tionable internal shrinkage and gas porosity. Rejects 
in the mounting panel casting were fairly low—24 
plate castings were rejected of a total of 1005 manu- 
factured due to casting defects or dimensional inac- 
curacies. The cover castings were susceptible to 
shrinkage at the hinges and lifting lug. This defect 
was reduced in severity by close control of pouring 
temperature. This particular casting was sensitive to 
the type of resin employed; stiff, high tensile molds 
causing mold failure on pour-off. Typical panel, 
cover and motor bracket castings are illustrated in 
Figs. 41, 13, and 42. 








Figs. 39, 40 (top to bottom). Fig. 39—Mounting panel Another class of castings currently in production 
mold, cope and drag. Fig. 40—Ordnance cover mold— are ductile iron clamps used in securing staging 
cope and drag. around ship hulls. All patterns were made in an 
aluminum alloy, as a weight saving feature. The 
erances required, molds were assembled with machine master patterns and castings for one of these clamp 
screws and speed units, Fig. 14, driven with a torque designs are shown in Figs. 43 and 44. It will be noted 
controlled electric nut runner. This manner of assem- that the pattern is of the reversible mold type, and 
bly, while holding dimensional tolerances and repro- that four castings of two designs are cast in each mold. 
ducibility to the most favorable degree, is time con- The gating and heading was typical for ductile cast 
suming and expensive. Before assembly, molds were iron, incorporating heavily choked runners and in- 
given a routine inspection for quality. Few defects gates, together with skim bobs, and substantial risers, 
were encountered. However, the defective molds en- notched for easy removal by flogging. Molded mix- 
countered usually were rejected due to thin spots, tures and cycles were similar to those employed on 
chipping or porous areas on vertical surfaces. The the aluminum castings described previously. Molds 
use of a quick setting core paste, applied by bulb in were generally pasted together and bedded vertically, 
a thin bead around the mold cavities reduced assem- several to each box, using vibrators to secure maxi- : 
bly time appreciably, and promoted a strong joint. mum compression of the shot during the bedding op- 
However, the application required extreme care; the eration. A typical mold half is shown in Fig. 45. The 
paste, if placed any closer to the mold cavities than castings produced were exceptionally smooth and re- 
l4-in. resulted in casting blows. In addition, the bond quired no further machining operations. 
line thickness generally influenced the casting dimen- An 0.45 C Steel Shell Molded 
sions. 

For bedding the mounting panels were placed ver- An example of an application of shell molding in 
tically in the double compartment bedding boxes, a 0.45 per cent carbon steel where improved yield and 
three to each compartment, and a No. 660 steel shot the elimination of certain machining operations justi- 
valved into, around, and over the molds, with a hose fied the use of the method even though very close tol- 
arrangement leading from the loading tank. Dry sand erances and high surface finish were not particularly 
pouring cups were dropped into the downgate print important. The master pattern, mold and core were 
to provide a suitable head. The cover molds were shown previously in Figs. 10, 11, and 12. 
bedded in on the flat in a similar manner with a dry The investment formula utilized on this job was 
sand pouring cup attached, save that only one mold varied somewhat from that previously described, in 
per box could be bedded. The motor brackets were order to combat the increased penetration and wash- 






poured off without shot backing since the light sec- ing characteristics of medium carbon steel. The form- 
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Fig. 41, 42, 43, 44 (top to bottom). Fig. 41—Mount- 
ing panel, as-cast. Fig. 42—-Ordnance motor bracket cast- 
ings—as-cast. Fig. 43—-Staging clamp pattern plate. Fig. 
44—-Staging clamp castings—as-cast. 


ulation generally employed for medium carbon steels, 
consisted of: 
AFS 230 sand (relatively high clay) . . .82.0 per cent 


Silica or zircon flour, 375 mesh.......... 7.5 percent 
Phenol-formaldehyde resin errr 


It was found necessary to lengthen the dwell period 
for investments of this type to 25-30 sec at 350-450 F 
plate temperature to secure 14-in. thick molds. The 
curing time was not affected and averaged 60 sec in 
the strip heater. Molds were characterized by velvety, 
close-grained surfaces, firm edges, and good strengths. 
Molds were bedded horizontally in steel shot, vi- 
brated, and poured off in the temperature range of 
2900 - 3000 F. Very little sand adherance to these 
castings was experienced in comparison with sand 


Fig. 46—Aluminum bomb chock castings—as-cast. 
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Fig. 47 (above )—Turbine blade pattern plates. 


castings, and the resultant surface finishes were super- 
ior to sand castings, although not approaching the 
surfaces obtained in the non-ferrous or gray iron 
alloys. 

Another shell molding casting application in an 
aluminum alloy is illustrated in Fig. 46. In this bomb 
chock casting considerable machining time was elim- 
inated. 

Sull another application, steam turbine blades, 
currently under development for manufacture by the 
shell molding process, is illustrated in Figs. 47, 48, 
and 49. These blades are cast in a 410 stainless steel 
alloy and poured horizontally. The gating arrange- 
ment shown yielded x-ray sound blades. On the basis 
of the development work accomplished to date it is 
believed practical and economical to cast 410 stain- 
less turbine blades of the size indicated and to finish 
to plan dimensions by an automatic grinding and ma- 
chining operation. A light belt sanding as practiced 
in the investment casting field is sufficient to reduce 
the surface finish of these blades to a RMS (root mean 
square) value of approximately 25. 

In evaluating the applicability of any particula 
casting design to the shell molding process, it has 
been found profitable to discuss the casting tolerances 
and design with the design agency concerned. Fre- 
quently, tolerances are applied to a dimension of a 
part simply because in ordinary machining operations 
it is easy to attain. However, in many cases it is possi- 
ble to open up tolerances on a piece if machining 
is to be completely eliminated. This has been accom- 
plished, in many cases, without affecting the service- 
ability of the casting. In addition, design changes 
may sometimes make the difference between an econ- 
omical productive casting method in shell and one 
which will give considerable difficulty in casting 
sound. 

Shell molds are also being utilized to some extent as 
a core drier. Shell molds coated with a high-tempera- 
ture varnish will withstand numerous runs through a 
tower oven and provide a relatively inexpensive core 
drier. 

In any cost analysis of the shell molding operation, 
the cost of the resin employed will frequently repre- 
sent 50 to 75 per cent of the direct labor and raw ma- 
terial costs of manufacturing a mold or core, depend- 








Fig. 48—Turbine blade mold—cope and drag halves. 


ing upon the degree of mechanization employed. 
Hence, any method or process which will reduce the 
conventional amounts of resin required to produce 
a shell mold or core of sufficient strength will cer- 
tainly be reflected in marked decreased costs, and may 
enlarge the area in which the process can be utilized. 
There are many hidden advantages to the shell 
molding process which many operators have consid- 
ered in deciding upon the applicability of any cast- 
ing design to the shell molding process. Among them 
are a saving in foundry scrap due to dirt and trapped 
sand. Usually the defective molds made by this pro- 
cess are elimiiated prior to pouring. In addition, 
overhead, based on space required for a certain degree 
of productivity is less than in conventional molding. 
The smooth surfaces obtained in shell molded cast- 
ings permit easy identification of defects, It has been 
the experience of the author that evidence of internal 
unsoundness of a shell molded casting can be detected 
by surface examination. However, in conclusion, it 
must be re-emphasized that this process is not a pana- 
cea for all foundry ills. In the final analysis, it prob- 
ably will only replace a small percentage of conven- 
tional sand casting, but if properly applied to the 
right job it can be a useful and economic tool. 
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Fig. 49—Type 410 stainless steel turbine blade castings 
—as-cast. 











, 28 


tain H. T. Koonce, USN, Director of the Material 
Laboratory, for his interest and encouragement in 
this project; to Noah A. Kahn, Head Metallurgist, for 
his review and criticism, and to S. B. Donner for 
assistance rendered in obtaining the data. 


Bibliography 


1. PB-106640R—Current status of the Shell Mold or “C” 
Process of Precision Casting Metals. 

2. German Patent Application C58787, P. A. 48679. 

3. The “C” Process, Foundry Trade Journal, Feb. 19, 1948, 
p. 181. 

4. PB-81284. The “C” Process of Making Molds and Cores 
for Foundry Use, FIAT FR-1168. W. W. McCulloch, May 30, 
1947. 

5. U. S. Patent Applications, Dec. 3, 1947, assigned by J. Cron- 
ing to Crown Castings Corp., Philadelphia, Pa. 

6. B. N. Ames, S. B. Donner and N. A. Kahn, “Plastic Bonded 
Shell Molds Used in New Casting Process,” Foundry, Aug. 1950, 
pp. 92-96, 206-217. 

7. B. N. Ames, S. B. Donner and N. A. Kahn, “Metal Parts 
with High Accuracy and Finish Produced by New Casting 
Process,” Materials and Methods, vol. 32, Aug. 1950, pp. 43-46. 

8. F. W. Less, “Making Shell Molds of Resin and Sand, Cron- 
ing or ‘C’ Process,” Foundry, vol. 78, Oct. 1950, pp. 162, 164, 168. 

9. Ove Hoff, “Cronite Moulding,” Gjuteriat, vol. 40, June 
1950, pp. 90-94 (in Swedish). 

10. W. Czygan, “Machines Make Shell Molds Automatically,” 
Iron Age, vol. 167, April 19, 1951, pp. 81-85. 

11. A. W. Caulder, “Jobbing Foundry Adopts ‘C’ Process for 
Making Shell Molds,” Jron Age, vol. 168, pp. 111-116, Nov. 
15, 1951. 

12. R. Herold, “Sand Casting with Croning Process Shell 





A SurRVEY OF SHELL MOLDING 


Molds,” American Society of Tool Engineers, Detroit, Preprint 

20-1, March 17-21, 1952. 

13. H. L. Day, “‘C’ Process; Some Details Revealed,” Iron Age, 
vol. 169, Jan. 24, 1952, p. 28. 

14. H. J. Roast, “An Appraisal of the Shell Molding Process,” 
Metal Progress, April 1952, p. 71. 

15. B. N. Ames, S. B. Donner and N. A. Kahn, “The Metal- 
lurgy of Shell Molding,”” AMERICAN FouNDRYMAN, Jan. 1952. 

16. B. N. Ames, S. B. Donner and N. A. Kahn, “The Shell 
Molding Process—Its Mechanics and Applications,” Foundry, 
June 1952, pp. 112-117, 287-295. 

17. K. W. Bennett, “Shell Molds for Job Shops,” Iron Age, 
Aug. 21, 1952, p. 63. 

18. PB-111049. “The Application of Shell Molding to the 
Production of Magnesium Castings.” Final report to U. S. Army 
Ordnance Corps., Contract No. DA-20-018-ORD-11664. Dow 
Chemical Co., Midland, Mich., and Frankford Arsenal, Phila- 
delphia, Pa. 

19. “Francis Bello, “Plastics Remold the Foundry,” Fortune, 
July 1952, p. 104. 

20. Richard Herold, “Current Status of Shell Molding,” 
AMERICAN FOUNDRYMAN, Aug. 1952, p. 42. 

21. Walter A. Sokolsky, “Gating for Shell Molds,” Foundry, 
Aug. 1952, p. 92. 

22. Richard Herold, “New Method Simplifies Shell Mold As- 
sembly,” Foundry, Dec. 1952, p. 142. 

23. Garnet P. Phillips, “Shell Molding at International Har- 
vester Co.,” Foundry, No. 1952, p. 102. 

24. “Garnet P. Phillips, “Shell Molding at International 
Harvester Co., Part II,” Foundry, Dec. 1952, p. 92. 

25. G. F. Sullivan, “Shell Molded Stainless Valves and Fittings 
Now in Production,” Iron Age, June 26, 1952, p. 112. 

26. Kenneth Rose, “Where Shell Mold Castings Stand Today,” 
Materials and Methods, vol. 37, no. 1, Jan. 1953, p. 73. 




















EFFICIENT METHODS OF PRODUCTION 





OF 


MACHINE TOOL CASTINGS 


G. W. Nicholls* 


Introduction 


Quantity production of castings has necessitated the 
use of all types of mechanical aids in foundries, and 
while this modernization and mechanization has 
been carried out successfully in many sections of the 
foundry industry with improvement of production 
rates and elimination of unnecessary material hand- 
ling, it is obvious from results observed in many 
foundries over the past few years that insufficient 
time, thought and capital outlay have been expended 
on the reduction of scrap and defective castings. 

As a general rule, no great concern is shown so 
long as the percentage of scrap castings falls within 
what any particular foundry considers to be a reason- 
able limit. It must be admitted, however, that by 
careful control of all foundry operations it should be 
possible to reduce appreciably this accepted limit or 
percentage of scrap and, furthermore, reduce the 
amount of defective castings which have either to be 
salvaged or scrapped in the machine shop after an 
appreciable number of man hours have been ex- 
pended in machining operations. 

Many persons believe, through lack of knowledge, 
that the quality of castings begins and ends in the 
foundry department. This, of course, is incorrect. 
Actually, the process of manufacture of sound cast- 
ings begins at design, passing through the pattern 
department, control laboratory, and ending at the 
casting operation. 

All foundrymen should, therefore, take greater in- 
terest in production design, which comprises basic- 
ally the study and re-design of castings, in order to 
simplify manufacture and ascertain the most rapid 
method of quality production. It must be borne in 
mind, however, that the production of satisfactory 
castings of high quality, with maximum economy in 
both materials and labor, requires continuous re- 
search, development and control to secure the im- 


* Manager and Metallurgist, Modern Foundries Ltd., sub. of 
William Asquith, Ltd., Halifax, England 

Official Exchange Paper from the Institute of British Foundry- 
men to the American Foundrymen’s Society. It was sponsored by 
the A.F.S. Gray Iron Division for presentation at a Gray Iron 
Session of the 57th Annual Foundry Congress, at Chicago, May 
4-8, 1953. 
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provement of methods and materials. For this rea- 
son alone foundrymen will find it increasingly neces- 
sary to follow and study all foundry developments 
more closely. 

All matters relating to the question of production 
and quality must fall under the responsibilities of 
management. They must be considered as the main 
key to the foundry’s success in the production of 
sound castings, and any progress achieved toward 
eliminating scrap and defective work can usually be 
measured by the management’s attitude and the 
amount of thought and energy expended by the 
foundry technical staff when carrying out their con- 
trol, research and development work. 

Research and development work carried out in a 
foundry implies progress, and its widest objective 
should be to prepare the way for the production of 
castings of high quality at a price which will benefit 
the greatest number of sections of all branches of in- 
dustry. This research and development work varies 
considerably. The type which merely devises the 
cheaper methods of production with the object of 
increasing profits is not of such high order as that 
which aims at improving quality without increasing 
production costs. 

Every foundry shop floor executive periodically 
comes across problems, concerning which he feels he 
could do with more definite and detailed informa- 
tion instead of vague generalities which allow wide 
margins for error, assumption and guessing. This is 
where the need for research and development work 
in regard to materials and processes becomes evident. 
Not that the foundry floor executive is particularly 
interested in this work as such, but he wants par- 
ticulars of the results, preferably in the form of some 
reference sheet or card index, which can be referred 
to quickly when some problem arises. 

In other words, foundrymen require facts and these 
can only be obtained by observation of what hap- 
pens under definite conditions; always bearing in 
mind, however, that in view of the many variables 
involved in the founding of castings, more than one 
should not be altered at a time. Otherwise it would 
be impossible to assess any single influence. 

Whatever investigational or development work is 
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Figs. 1, 2, 3, 4—Examples of machine tools with descrip- 
tions of patterns and molding methods for the cast parts. 


proposed, a detailed schedule should be planned in problem. Patience is required and short cuts do not 
steps and carefully followed to a conclusion, tackling pay. All instructions should be definite and specific 
one factor at a time and devoting to it whatever time and put into writing for the benefit of those who are 


is necessary for completion before taking up the next to carry them out, as well as for future reference. 
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Che final report of any investigation should cover: 

a) The objective of the investigation. 

b) The nature of work and tests carried out. 

c) Summary of results and conclusions. 

d) Recommendations. 

Che report eventually should be filed for reference 
under one of the sub-sections listed in Table 1. 

If this procedure is to be successfully carried out 
ihe employment of first-class foundry technologists is 
essential. In addition to being highly trained and 
possessing imagination, as well as a good scientific 








TABLE 1 
Design Molding Coremaking Metal 
Type of Sand Mixtures Sand Mixtures Metal 
Pattern Composition 
Production Production Physical 
Methods Methods Properties 
Special Venting Venting Melting Practice 
Features” and 
Binding Temperature 
Materials Control 
Refractory Binding 
Dressings Materials 
Drying Refractory 
Practice Dressings 
Drying 
Gating Practice 
Risers—Feeders Storage 
Molding 
Tackle 





knowledge of all foundry techniques and materials, 
these technologists should be gifted with the follow- 
ing essential qualifications: 

a) A critical attitude toward anything that cannot 
be proved by facts and sound reasoning. 

b) Patience to take meticulous care over small de- 
tails. 

c) Systematic and orderly minds enabling them to 
distinguish and separate any variables observed 
and to record the same. 

These qualifications are necessary, as the funda- 
mental of good quality products is the application of 
knowledge gained by a process of constructive reason- 
ing which must be of the highest order and fully ex- 
ercised for the successful solution of founding prob- 
lems involved in design, materials and method. 

The object of this paper (much of which has 
previously been published in the I.B.F. Proceed- 
ings!:?,3.4) is to outline to the American Foundry- 
men’s Society the manufacturing methods and con- 
trol system, based upon the principles laid down in 
the introduction, which are operating in the produc- 
tion of many types of machine tool castings, such as 
radial drill, planing, boring machines, etc. (Figs. 1 
to 7), the manufacture being carried out in accord- 
ance with the production flow diagram illustrated in 
Diagram No. l. 

The manufacture of such castings, which vary in 
weight from ounces to 30 tons per piece, and which 
are produced by hand-molding, sand slinging and 
machine molding methods, in order to be both eco- 
nomical in price and of good quality, must be based 
upon a thorough knowledge of all the various ma- 
terials and processes involved and the many variables 
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Figs. 5, 6, 7—Types of machine tools and molding meth- 
ods used for the cast parts. 


attached to each. An individual knowledge of each 
of the multitude of processing factors which are in- 
volved in the manufacture of the varying types ol 
machine tool castings goes far toward achieving max- 
imum economy and speed of production of quality 
castings, which can only be successfully accomplished 
by first class control. 

In some cases, particularly in respect to heavy cast- 
tings, quite a number are made by floor-molding 
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methods at the rate of only two per year. Consequent- 
ly, any difficulties which occur during the production 
of the first casting are likely to recur during the pro- 
duction of subsequent castings, particularly if the 
molder, coremaker and foremen are not familiar 
with all facts regarding the history and quality of the 
first casting made. 

Further, a large number of running-line castings, 
approximately one ton in weight, are made by ma- 
chine-molding methods at the rate of six to eight per 
day. These castings are usually weathered in the 
stock-yard for periods up to 6 months, and any vari- 
ables which creep into the production methods or 
materials may result in a large percentage of scrap 
or defective castings being brought to light after a 
considerable lapse of time. 

In addition, the foundry is operating on an in- 
dividual piece-work system, producing approximately 
30 tons of castings per employee, or 110 tons per 
molder/coremaker, per annum. The variable human 
element, therefore, comes in to a much greater ex- 
tent than in a foundry operating a day-work system. 

For these reasons, plus the fact that there are so 
many different factors which collectively control the 
price, quality and soundness of a casting, such as 
design, patternmaking, mold and core construction, 
materials and methods of preparation, gating and ris- 
ing, metallurgical control and sand control, that this 
system of studying the quality of castings in relation- 
ship to foundry production methods and materials 
was commenced some 10 years ago. 

At the commencement of the system of control, 
and in view of the fact that many foundry labora- 
tories were simply show pieces carrying out routine 
analysis according to the whims and fancies of the 
management without direct contact with the prob- 
lems constantly arising in the production of sound 
castings, it was decided that the thorough control of 
all defective work could not be achieved without in- 
corporating the laboratory as an integral part of the 
full production cycle. The laboratory was, therefore, 
reorganized and re-equipped to carry out scientific 
control over the following: 

1) Maintenance of quality of raw materials. 

2) Technical supervision of melting processes. 

3) Technical supervision over sand and core mix- 

tures and the preparation of mixtures. 


Fig. 8 
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4) Technical control of all foundry drying pro- 
cesses of molds and cores. 

5) Full liason between foundry foremen on all 
matters relating to gating and feeding of cast- 
ings. 

6) Control of development work in connection 
with improvements in products and raw materi- 
als. 

At the same period, the foundry was reorganized 
into sections and a foreman placed in charge of each, 
as illustrated in Diagram No. 2. The following notes 
give a brief description of the production methods 
applied in each section, 

A) Section 1 is devoted to the production of 
castings weighing from 3 to 30 tons each, which are 
manufactured by floor-molding methods. Typical cast- 
ings include boring machine columns, beds, work- 
plates and gear boxes; also planing machine beds and 
tables, and miscellaneous large special components. 


Fig. 9 





The maximum size of molding pit in this depart- 
ment is 44 ft long and all pits are shaped out of 
solid rock, lined with cast iron plates and traversed 
underneath by heavy bearer bars complete with 
wrought iron loops. 

In view of the tremendous amount of sand to be 
handled in the production of these heavy castings, 
use is made wherever possible of sand grabs for pre- 
paring the molding pits, and pneumatic rammers, 
sand-throwing machines and portable sandslingers for 
speeding up the ramming of the molding sand. 

The majority of the. patterns utilized in this sec- 
tion are in the form of solid blocks or sectional blocks. 
Figure 8 shows the bedding-in of part of the pattern 
for a large boring machine column weighing 30 tons; 
Fig 9 the mold for this component, finally cored, 
and Fig. 10 a 40 ft long planing machine bed cast- 
ing, molded from a sectional block pattern. 

B) Section 2 is devoted to the production of mis- 
cellaneous machine tool castings up to 3 tons in 
weight, utilizing similar aids to production as de- 
scribed in Section 1. The department has also in- 
stalled a complete molding unit for the production 
of medium-weight castings up to one ton, such as 
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ight type radial drill, shaping and slotting machine, 
nd lathe castings. 

The molding boxes utilized on this machine have 
een standardized to two-box sizes which combine to 
iny depth. The location of boxes to this machine, 
which is a 78 X 44-in. pneumatic jolt rollover de- 
sign, is by means of lined pin holes at one end and 
slot holes at the other, thus avoiding pin jamming 
due to temperature differences. 

The patterns for this production unit are all ac- 
curately located on metal plates with the runner 
system attached. Figure 11 shows a typical pattern 
plate arranged for the production of two castings 
per operation, while Fig. 12 shows the machine with 
the pattern withdrawn from the mold. 

C) This section of the foundry is equipped for the 
rapid production of radial drilling machine castings 
such as pillars, arms, baseplates and box worktables. 
The molds are produced by jolting jig-set patterns 
in the molding box, on a 10-ton straight jolting ma- 
chine. The sand is fed into the molding box by over- 
head crane and sand grab as illustrated in Fig. 13. 
This method of sand feed is, however, being super- 
seded by a quicker and more up-to-date method as 
illustrated in Fig. 14. 

All pillar molds are cast vertically, the metal being 
allowed to flow from the runner bush through pen- 
cil runners. The metal thus drops down the inside 
of the mold cavity; the distance sometimes is as great 
as 18 ft. Cores for these pillar molds are made in 
loam, and an interesting feature is that they are 
fashioned on a strickle machine driven by a lathe 
headstock having quick-operating adaptable clutches 
(Fig. 15). 

As mentioned above, the majority of patterns in 
this section are all split and jigged to the molding 
box, as illustrated in Fig. 16, and the method of 
location is indicated by Fig. 17. Figure 18 shows a 

radial drilling machine arm cored up ready to close. 


Small Castings Unit 

D) Figure 19 illustrates the section in which small 
detail castings, usually below 100 lb in weight, are 
produced. This department is equipped with a mech- 
anized sand plant, a roller conveyor in the form of a 
horseshoe, and along one side are situated three pow- 
er molding machines which deal with the bulk of re- 
petition detail casting production. The department 
has its own melting furnaces in order that special 
attention can be paid to obtaining the correct metal 
specification for these smaller components. 

All patterns used in this part of the foundry are 
suitably constructed on plates for machine molding, 
although provision is also made for dealing with a 
number of odd loose patterns without interfering 
with the main system. 

E) The coremaking department is split into two 
sections, the heavier cores being made on the shop 
floor and the smaller ones in a mechanized depart- 
ment, which is illustrated in Fig. 20. The production 
of cores for machine tool castings is strictly controlled 
so that all intricate gear box castings with multiple 
cores can be producea to close limits of accuracy, 
permitting jig-machining at the engineering works. 
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In the heavy core section, cores weighing up to 3 
tons are made, while those handled in the mechanized 
section weigh up to 500 Ib. 

The dressing and treatment with refractory coating, 
as well as inspection of cores, are very carefully car- 
ried out to a timetable, so that the cores are ready for 
almost immediate use. Cores are not stored for any 
great length of time, for reasons which are described 
later in this paper. 

F) The melting department includes three cupolas 


Ps 


of 8, 6 and 3 tons per hour melting capacity. All 





Fig. 10 


furnaces are charged from the same platform, in- 
cluding the furnace situated in the small mechanized 
section. The platform is reached by electric lift and 
all furnaces are fitted with volume and pressure 
gages for maintaining strict control over the tapping 
temperature, usually of the order of 1400 C. 

The value of thorough control of all production 
processes and materials with a view to reducing the 
percentage of defective castings cannot be too strong- 
ly emphasized; each job has to be considered in detail 
from design to the casting operation. 

The main function of any control system should 
be to serve the following three processes: 

a) To study production methods and processes and 

eliminate defective castings, 

b) To prevent defective castings arriving at the 
machine shop. 

c) To supply the foundry with complete details of 
all defective work in the form of record cards 
and instruction sheets. 

All of these are essential if any measure of success is 
to be gained in reducing financial losses through scrap 
and defective castings reaching the machine shop. 

For the production of an entirely new casting, 
where a record card (Fig. 21) is not available, a de- 
tailed study of the drawing is made in conjunction 
with the drawing office staff, and later with the pat- 
tern shop personnel, before the construction of the 
pattern is started, so that the completed pattern will 
bein the most suitable form from the molding point 
of view. Then, before beginning molding, the fol- 
lowing factors are considered: composition of the 
metal; methods of gating and feeding; camber; sand; 
mold drying and molding technique. 

Having decided upon the above factors, the mold- 
er’s attention must be drawn to any part of the mold 
requiring particular attention to detail such as vent- 
ing, sprigging, ramming, etc., in order to minimize 
the risk of producing defective castings. On comple- 
tion, the mold is stamped with the date cast, so that 
any defects which appear during the machining of 
the casting may be traced back by referring to the 
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Fig. 14—Sand-handling layout. 1) 12 x 4 ft vibrating 
knock-out grid; two rotary feed hoppers and pit covers. 
2) No. 1 belt conveyor, 18 in. wide belt, 23 ft centers. 3) 
Overband magnetic separator. 4) No. 1 elevator, 9-in. 
buckets, 16-in. centers. 5) Rotary screen, 3-in. diameter. 
6) No. 2 belt conveyor, 18 in. wide belt, 7-ft. centers. 7) 
No. 2 elevator, 9-in. buckets, 27-ft 6-in. centers. 8) Two 
rotary storage hoppers—total capacity, 75 tons. 9) Paddle 
type mixer-conveyor. 10) No. 3 (shuttle) belt conveyor; 
18-in. belt, 23-ft. centers, 12-ft. travel. 11) Molding box. 
12) Jolter. 




















Fig. 18—Mold for drilling machine casting with cores set 
and mold ready for closing. 


conditions under which the mold was made. The 
time taken to pour the casting and the temperature 
of the metal are also recorded on the card (Fig. 21). 

Apart from the recording system, inspection has 
also been established to cover mold cleanliness and 
dryness. Properties of sands are controlled to obtain 
a satisfactory combination and this condition is 
checked daily, sometimes twice daily. Molders and 
coremakers are instructed as to the requirements to be 
observed in the molding operation, with special re- 
ference to venting, gating, and feeding technique. 
In addition, all molding and coring operations are 
standardized. 

Conveying such information to the operators is of 
the greatest importance in this control system, and a 
process sheet giving brief instructions on all import- 
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Fig. 19—Molding and sand-han- 

dling layout of foundry section 

producing small detail castings, 

generally less than 100 Ib in 
weight. 
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MECHANICAL (Core SECTION. 


Fig. 20—Layout of mechanized 
small core department. 1) Core 
Jolter. 2) Core turnover. 3) 
Charging machine. 4) Core dry- 
ing stove. 5) Hoist. 6) Core 
machine. 7) Bar cutter. 8) 
Blacking mixer. 9) Blacking 
spray. 10) General sand plant. 
11) Oil and sand mixer. 


ant points, such as the type of sand to be used, spe- 
cial molding features, type of gating and the num- 
ber of drying holes required, is issued to the fore- 
man along with the order for the job (Fig. 22). 

After the casting has been completed in accordance 
with the instructions issued to the foreman molder, 
the next stage is a thorough examination of the 
fettled casting by the quality-control staff, and the 
recording of their findings on the record card. Any 
action necessary to improve the quality of the cast- 
ing is then taken. 

The machining operations having been completed, 
a member of the staff makes regular routine tours of 
the machine shop and reports on any visible defects 
on the castings examined (Fig. 23). The results of 
the action taken to rectify any defects on subsequent 
castings are observed and the necessary information 
added to the standard record card. 

At the commencement of the system it was realized 
that the laboratory staff would have to perform a 
large part of the work involved, and they were, there- 
fore, trained for this purpose and gradually made 
responsible for maintaining the standard and quality 
of castings. They are also responsible for taking all 
necessary action to prevent defective work from reach- 
ing the machine shops. If defects are brought to 
light, the laboratory staff record full particulars and 
then investigate the causes and take any action nec- 
essary for their elimination on future runs. 


Value of Record Cards 


A further responsibility is that of submitting data 
to the foundry, this data being taken from the record 
cards. The value of this part of the work (compiling 
records of all defective and scrap castings), in most 
cases is insufficiently recognized. 

The information on these records serves two use- 
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Fig. 21—Record card showing molding and pouring de- 
tails for a planing machine casting. 


ful purposes: a) it indicates to the management the 
possible causes of scrap; and b) enables the foundry 
to correct reported defects in the shortest possible 
time. It has been found that where defects are not 
properly diagnosed, much time is spent on incorrect 
remedies. In order to carry out proper diagnosis of 
defects, the laboratory staff must be properly trained 
and hold frequent consultations with the foundry 
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foremen, so that the records combine the judgment 
of both departments. 

In launching this system it was borne in mind that 
one of its objects would be to eliminate haphazard 
methods of investigation, and that in every case where 
an investigation was necessary, it would convey an 
over-all picture of every phase of the manufacturing 
process, as any defect can be the result of a number 
of out-of-balance factors. Therefore, the diagnosis 
must be tackled by a combination of technical stud- 
ies, quality-control and laboratory tests. 

For the system to operate satisfactorily, it is essen- 
tial that the staff be made scrap conscious and fully 
trained to specialize in one or more aspects of found- 
ry technology. It is also necessary to have available 
an adequate supply of testing equipment and to en- 
sure that the whole staff fits effectively into the manu- 
facturing process. 

After a careful study of the record cards collected 
during the first 12 months it was found that of the 
castings rejected 47 per cent were due to blowholes; 
25 per cent to sand or dirt inclusions; 17 per cent to 
shrinkage and metallurgical unsoundness; 6 per cent 
to misruns or cracks, and 5 per cent to miscellaneous 
causes, e.g., distortion, short-cast, core movement, etc. 

From the inauguration of the recording system the 
percentage of castings rejected showed a downward 
trend despite a) the more rigid foundry and machine- 
shop inspection than that obtained during the war 
years, and b) the increase in the gross output from 
the same number of operators. All the record cards 
and process sheets are maintained and filed by the 
laboratory staff. In addition to their use on the pres- 
ent system, they also serve a useful purpose in the 


Fig. 22—Process Instruction Sheet 
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16-ft Stroke—Y.4495 
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In addition to carrying out normal good molding practice 
please adhere to the following instructions: 

1. Set camber according to sheet issued by laboratory. 

2. Use two 134-in. dia. ingates into each end of flat and vee, in 
position marked by pattern shop. 

8. Use 3 x 114-in. down runners. 

. Thoroughly vent down sides of pattern. 

5. Use 4 x 3-in. cross runners arranged so that there is a 1-in. 
step at top and bottom at junction with downgates, i.e., use 
l-in. cover cores over downgate cores. 

6. Take dirt risers from cross runners between sprues and first 
ingate. 

. Make 10 @rying holes, end holes to be | ft 6 in. from ends of 
bed. 

8. Use 4-in. dia. sprues through top part. 

9. Take bushed up side feeders from each bolting down lug, as 
per pattern provided. 

10. Black mold before drying and spray-black after drying 
while there is still sufficient heat in the mold to dry out the 
moisture in the blacking. 

11. Take coked vent away from each pocket core, i.e., the cores 
forming the recesses beneath the bolting down lugs. 

12. Any cores which have to be “rubbed” to fit must be re- 
blacked with special blacking obtained from the laboratory. 

13. Place clay seal around cross runner, to prevent metal enter- 
ing mold at joint. 

14. Use dry sand runner basins, plugged at commencement of 
casting operation. 

15. Inspect all cores on day prior to coring up. 
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Fig. 22—usxeport card for casting detects found in machine 
shop showing nature of defects and action taken to elim- 
inate them. 


training of foundry apprentices, all of whom pass 
through the laboratory as part of their training. 


Staff Training 

The staff, as mentioned previously, are trained to 
specialize in one or more branches of foundry tech- 
nology such as 1) design of castings, pattern construc- 
tion and preparation of molding tackle; 2) sand prop- 
erties and control; 3) mold camber; 4) gating of 
molds; 5) feeding of castings; 6) drying processes; 
and 7) melting and casting operations. 

This method of breaking down the foundry pro- 
cesses into seven groups was used partly because these 
were found to be the main categories into which to 
classify defective castings, and also because it was 
further considered that it would be necessary to re- 
cord all defective work, such as defective molds, cores 
unsuitable for use; or metal unsuitable for casting, if 
complete quality control through the various pro- 
cesses up to the casting stage was to be achieved. 

The training of the staff to fit into the organiza- 
tion was partly achieved by establishing a complete 
reference library of technical literature relating to 
foundry technology and casting defects, carrying out 
fundamental investigations of foundry problems as 
they arose, and issuing instructional notes on the 
result of the findings of these investigations. 

The way in which the results of investigations and 
the information contained on the record cards has 
been used to assist in the elimination of defects, to- 
gether with the principles involved, is illustrated in 
some of the following sections. 
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Casting Design, Pattern Construction, Molding Tackle 

In studying the problem of design, defective cast- 
ings in the foundry and machine shop constitute the 
quality-control staff's practical school of experience, 
for by careful study of these castings from the same 
patterns can be made correctly and many difficulties 
overcome. It is considered very unwise, however, to 
wait for scrap to occur before attempting to avoid it. 
A far more sensible idea is to consider, on receipt of 
drawings, the best method of making the pattern and 
what should be the foundry requirements. 

It is particularly emphasized that examination 
should be made to determine the best method of 
molding at the lowest cost, at the same time achiev- 
ing the best results. Arrangements are made for such 
patterns to be periodically inspected both by the pat- 
tern stores and the molder, as poorly kept patterns 
produce poor molds and slow production. 

In the design of medium and large engineering 
.astings, the following points are considered; a) will 
the design lend itself to quality production at the 
lowest possible cost, and b) will the type of pattern 
equipment proposed maintain quality castings of the 
required tolerances. Consideration is also given to 
breaking down large structures into components suit- 
able for machine molding, or if this is not practical, 
provision is made for the easy withdrawal of the pat- 
tern equipment from the molding sand without hav- 
ing to resort to the use of irregular parting lines 
coupled with the use of loose pieces, 

It is generally understood that the more compli- 
cated the design the more individual core boxes, etc., 
are required, which always has an adverse effect on 
the resulting accuracy and price of the finished com- 
ponent. In other words, it is better to make the de- 
sign of a large construction as an assembly of several 
parts, which may be machined separately and fitted 
together later, using shoulders or pins for the align- 
ment, and fastening the parts together by bolts or 
other means. 


Design Pattern for Machine Molding 


At the same time isolated facings are designed, 
wherever possible, as one common face to permit 
machine molding (Fig. 24). Protruding brackets or 
arms are made from separate patterns, which after 
casting and machining are secured and aligned to 
the principal body. All this provides for an easier 
and more economical method of molding than if 
molded in one piece from loose patterns on the floor. 

The patterns are constructed to prevent scaling and 
warping, during both the molding operation and 
the extraction of the pattern from the mold, and 
sufficiently braced to prevent breakage on the initial 
high pressure to which a pattern is subjected when 
first drawn from the sand. 

For large circular designs of castings the molds are 
made with strickles, as in loam or strickle molding, 
without the use of expensive equipment, ensuring 
that designs show a thicker section of metal at the 
outside, and not in the center. Designers should con- 
sider this possibility when designing such parts. In 
those foundries where heavy jolt machines are util- 
ized, and where usually one half of the pattern is 
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jolted and then handed to the molder to hand ram 
the top portion of the mold, the molding tackle avaii- 
able should be examined to see if it is suitable for the 
jigging of the pattern to the molding box (Fig. 16). 
By such methods, production times can be greatly 
reduced. 

Before starting to work on any castings, a certain 
amount of engineering and planning is necessary to 
determine the proper method of procedure. The 
drawings are checked carefully and special consid- 
eration is given to the following details: 

Ribs or other protruding parts are so designed that 
they may be drawn from the mold as fixed parts of 
the main patterns. The individual cores are kept to 
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Fig. 24—Redesign of casting facing to permit machine 
molding. 





a minimum in order to reduce the number of chap- 
lets required for supports, and the design is also 
checked to see that cores permit reinforcement by 
cast irons or loose rods when needed, and that it is 
possible to remove the core from the cored holes 
with ease when cleaning the latter. 

Many of the foundryman’s problems arise because 
the engineer fails to take into account the contrac- 
tion or shrinkage characteristics of the metal. Iso- 
lated heavy sections must be properly cared for by 
gating and risering, or they must be eliminated. All 
sections of the casting should be as nearly uniform 
in thickness as possible. 

When a change in section is necessary it must be 
done gradually, otherwise defects such as shrinks, hot 
tears, cold laps and cracks are bound to occur, as well 
as the possibility of excessive stresses causing later 
failures. Corners at adjoining sections must have 
ample fillets to prevent tears and cracks, but care 
must be taken to avoid making them too generous. 
The generous fillets tend to create hot spots which 
are liable to occur at “T’’ and “X” sections. The 
thickness of casting sections must be so proportioned 
as to permit steady flow of metal, avoiding sections 
which would interrupt this and cause cold shuts. 

Patterns are, if possible, constructed to permit cores 
to be vented from the top to facilitate escape of gas. 
They are so designed that the castings can be filled 
from the bottom, except in special cases, even though 
it is necessary to use specially prepared runners to get 
the metal into the casting at the bottom. 
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In most cases the part is designed so that it may 
be molded with any machined surfaces in the bot- 
iom side of the molds, as this side of the casting is 
the easiest to produce with the least blemishes. The 
designer can aid in this by designing the part for 
case in drawing the pattern with machined side 
down. Abrupt changes of section and sharp corners 
are avoided. The design should be such that, on 
cooling, no part of the casting is unduly stressed 
either by tension or compression, and with no inter- 
ference to free contraction. 

Examination is made of the design for parts con- 
taining sections likely to cause shrinkage, so that 
when molding provision can be made for the shrink- 
age to occur in feeder heads or feeder runners. It 
must be remembered that the cavities and shrinkages 
are liable to appear in the heaviest sections, par- 
ticularly where ribs or bosses join the main section. 
Progressive solidification from the bottom to the top 
should be planned. If, for reasons of design, this is 
not practical by normal methods, denseners may be 
used. 

One of the most uneconomical features of floor 
molding of heavy castings of intricate design is the 
necessity of making deep joints (Fig. 25) which ab- 
sorbs in some cases as much as 50 pct of the labor 
charge in preparing the mold. Modification of de- 
sign, would reduce this charge by such a large amount 
as to have an appreciable effect on the cost of the 
castings, and further assist in improving output by 
earlier release of the skilled molder from each job. 


Pattern Design and Mold Joints 


Mold joints are determined by the design of the 
pattern, the shape of which controls speed of pro- 
duction. The greater the deviation of any joint from 
its common horizontal plane, the greater the foundry 
handicap, coupled with increased production time. 
Much more can be done by the foundry to exert pres- 
sure on all concerned to eliminate faulty casting de- 
sign, whereby foundrymen may reduce their losses, 
increase production, improve their products and save 
vital raw materials, 

The responsibility for all reject castings must not, 
however, be placed on the shoulders of the designer. 
Many are the result of poor workmanship in the pro- 
duction of molds and/or cores, and errors made in 
assembling them, which could be avoided by taking 
more care and giving greater consideration to essen- 
tial points. Common among molder’s mistakes are 
misplaced cores, sealed and forgotten vents, badly 
placed studs and chaplets, crushes, and misplaced run- 
ners and risers. 

Consideration should be given to all molding 
tackle, particularly molding boxes, before the opera- 
tion of molding is commenced with a view to ascer- 
taining that the design is sufficiently rigid for the 
amount of sand to be carried. 

Particular attention should also be paid to the box 
bar construction, as many defects have been attri- 
buted to the design of box bars; e.g., if they are too 
close to the pattern it may result in loose and uneven 
sand, which may produce scabs or rough surfaces. 

Bars which are too close to the runners or risers 
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may result in hot tears, cracked or distorted castings, 
due to interference with the normal contraction of 
the casting. Loose or springy bars can result in sub- 
sequent sand drops. If these take place after closing 
the mold, generally the casting is a total loss. 

Pin holes in the boxes should be checked periodic- 
ally to ascertain that the centers are maintained, thus 
avoiding the production of cross-jointed castings. 

Wherever possible the foundry staff now consult 
with the drawing office and the pattern shop before 
a design is finalized and before the pattern construc- 
tion is commenced. 


Sand Control 


In order to maintain a steady flow of sound cast- 
ings, it is essential that variations from proved prop- 
erties should be corrected immediately, and not left 
until a pile of scrap or defective castings bears mute 
evidence of the necessity, 

Although perfect sand control, particularly in a 
jobbing foundry, can seldom if ever be achieved, it is 
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Fig. 25—Flioor moid for heavy casting showing deep joint 
made necessary by design of pattern. 


possible to obtain effective control by regular test- 
ing of raw materials and mixed sand, and by taking 
suitable action immediately when any discrepancies 
appear. Variations in sand properties are best illus- 
trated by a graph chart containing the daily test 
values. General tendencies of the different properties 
can then be observed easily, without having to study 
long lists of figures. The charts are also valuable for 
record purposes, since they indicate the properties of 
the sand used in the molding of any defective cast- 
ing, provided the date has been stamped on the 
mold. 

Controlling the physical properties of a sand be- 
tween certain fixed limits, however, does not necessar- 
ily mean the elimination of all the defects attributed 
to sand. Many defects occur through the improper 
use or treatment of good sand. Furthermore, sand 
which is suitable for one class of work may cause 
endless trouble with a different type of casting. 

Thus, in the foundry to which the author is at- 
tached, four different grades of facing sand are in 
constant use. Each grade is suitable for a particular 
class of casting, ranging from a fine sand for small 
work to a coarse bonded sand for large castings. 
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Fig. 26—Effect of moisture on strength of baked cores. 
All cores baked for 134 hr at 200 C; room temperature, 
10 C (50 F); barometric pressure, 75 cm Hg. 


The latter sand was recently incorporated in the 
standard range as a means of eliminating the blind 
or dummy scabs which sometimes appeared on heavy 
castings with large, flat surfaces. Blind scabs may 
originate from a number of causes, such as improper 
drying, insufficient clay content for the grain type, 
too high moisture content or uneven ramming of the 
mold surface. 

From a study of the record cards and sand charts, 
it was found that a sand with a high baked compres- 
sion strength plus a small percentage of cellulose 
matter successfully eliminated blind scabs from small- 
er work, provided it was not dried so rapidly as to 
cause cracks to appear on the mold surface. All that 
appeared necessary to eliminate this defect from large 
castings, therefore, was a sand with still higher dry 
strength. Scottish rotten-rock sand with a coarse grain 
size and high clay content was found to be ideally 
suitable in this respect. 

In addition to solving the origin of the defects ap- 
pearing on castings, the recording system indicates 
the type of investigation to be carried out with a 
view to reducing the number of defectives which are 
likely to appear. Thus, the record cards indicated 
that a mold which took more than one day to core 
and close was more likely to show minor sand de- 
fects than one which could be closed and cast in one 
day. This was thought to be due to the increased 
time which elapsed between drying and casting, per- 
mitting the moisture in the sand behind the dried 
mold surface to strike back. While this creeping back 
of moisture no doubt plays an important part in the 
production of defects, investigation showed that con- 
siderable quantities of moisture were also absorbed 
from the atmosphere. 

A series of A.F.S. Standard Test Specimens was pre- 
pared from a sample of mixed facing sand, and baked 
until the uncombined water had been driven off. 
After removal from the baking oven, the cores were 
tested for dry strength at intervals as they cooled to 
room temperature. Portions of the broken cores were 
then tested for absorbed moisture by determining the 
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loss in weight after removal from the oven. The re- 
sults obtained from this experiment are shown in 
Fig. 26. It will be noticed that moisture began to be 
absorbed by the cooling molding sand as soon as the 
temperature had fallen below 100 C. Also, as the 
absorbed moisture increased, the strength of the sand 
was considerably reduced, until after 3 days the ab 
sorbed water approached 1 pct, while the retained 
strength had dropped to one third of its forme: 
value. 

It would appear from these results, therefore, that 
defects produced on molds which have stood for an 
appreciable length of time after drying are due to 
the combined effects of the loss in strength, which is 


800" 





BAKING TEMP. 
200C FOR 2HR 


~ 

° 

°o 
1 





ORY STRENGTH g PSI 








' La tT ‘ 7, ‘ , Ls , 
200 180 160 140 120 100 80 60 40 20 0 
TEMP. (C), CENTER OF CORE 


Fig. 27—Determination of baked strength of oil- 
bonded sand on cooling from baking to room tem- 
perature. 


known to cause blind scabbing, and to the absorbtion 
of moisture on the mold surface. Two modifications 
have therefore been made to the molding practice for 
castings taking more than one day to close. 
1) In cases where the cores are all suspended from 
the cope, e.g., planing machine tables and hori- 
zontal boring machine workplates, the top parts 
are removed after securing all cores and the 
mold warmed before final closing. 

2) For castings where the above modification is 
impossible, coring up is carried out by a day 
and night shift to reduce the standing time. 
Figures 27 and 28 depict the results obtained by 

extending this investigation to the case of oil- and 

resin-bonded sands. The strength of an oil sand was 
shown to increase progressively as the temperature 
fell to normal (Fig. 27), due to the setting and hard- 

ening of the oil film, but on prolonged standing a 

reduction of strength occurred similar to that noted 

with molding sand (Fig. 28). In obtaining the latter 
results, the baked cores were stored at a constant 
temperature (65 F) with 100 pct relative humidity 
to accentuate any moisture absorption which oc- 
curred. The moisture absorption figures obtained 
after 16 days standard were: proprietary drying oil, 

6.92 pct; urea-formaldehyde resin, 0.92 pct; phenol- 

formaldehyde resin, 0.53 pct. 

Oil-sand cores for large castings may have to be 
stored for relatively long periods before use, due to 
the fact that many cores must frequently be made 
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from the same core box. In order to obtain the best 
iesults, therefore, the absorbed surface moisture is 
removed, either by returning the cores to the baking 
»ven at a reduced temperature, or by making use of 
the heat contained in a recently cast mold. In addi- 
tion to increasing the strength of the core, this warm- 
up ensures that both mold and cores are at approxi- 
mately the same temperature and so reduces the risk 
of condensation taking place. 
Camber 

Internal stresses, which are present in all but the 
simplest of castings, arise from a number of causes, 
the chief of which is the unequal cooling rate of the 
different sections. Any distortion which occurs be- 
cause of these stresses usually is not very noticeable 
with small castings, but as the casting length in- 
creases, so the distortion is magnified until it exceeds 
the machining additions to the pattern. 

In the manufacture of sizeable castings, therefore, 
allowance must be made for the distortion which will 
take place on cooling. Until recently, the knowledge 
of the amount of camber required for the production 
of straight castings could only be gained from past 
experience in the production of similar castings. 

E. Longden® in an excellent paper on contraction 
and distortion of iron castings, included a camber 
graph which describes the camber that he found nec- 
essary for the castings produced at the foundry with 
which he was associated. On comparing this graph 
with the results obtained on similar castings (machine 
tool bedplates, tables, etc.) at the author’s foundry, 
some slight variations were noticed, which can be ex- 
plained by the differences in the respective castings. 
Nevertheless, the graph can be used with confidence 
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Fig. 28—Determination of strength of oil- and resin- 

bonded sand mixtures upon prolonged standing. Oil 

mixture; 1.75 pct oil, 0.80 pct cereal, 4 pct moisture, 

baked 2 hr at 210 C. Resin mixtures; 0.75 pct (net) 

resin, 1.5 pct cereal, 4 pct moisture, baked 1 hr at 
190 C. 
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once the differences between the types of casting are 
known. 

The method adopted at the. author’s foundry is to 
compare the amount of camber called for by the 
camber graph with the amount given to a casting of 
a design similar to the one being prepared, and to 
adopt a compromise between the two values after con- 
sidering the various factors involved. By this meth- 
od, castings are rarely more than 14 to \4-in. dis- 
torted, even on a length of 40 ft providing the strickles 
used for making the bed of the mold have been set 
correctly. Incorrect setting of the strickles, it was 
found, was the most usual cause of distorted castings. 


CAMBER SHEET 


PLANING MACHINE BED 19/9/50 
DIMENSIONS:- LENGTH 36-0”’PLUS SUMPS 
DEPTH 2-0” 
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Fig. 29—Diagram showing amount and distribution of 
required camber. 


Before the study of distortion was commenced, the 
camber was set by bedding long wooden strickles 
into the floor of the casting pit and bending them to 
the desired camber. One, two, or three strickles were 
used for this purpose, depending on the length of 
the casting and the strickle sizes most readily avail- 
able. Also, while the molder was instructed as to 
the amount of camber to be used, the distribution 
of the camber along the bed was left to his discre- 
tion. It was found that the most usual practice was 
to set the full camber at the correct point, and to use 
half of the full camber at points half-way between 
the center of camber and the ends of the bed. This 
caused the camber to be set in a misshapen manner. 

A formula was then derived from geometrical prin- 
ciples so that the distribution of camber at any point 
along the arc of a circle could be calculated, provided 
that the maximum camber was known. Also, the 
length of strickles was standardized at 5 ft and the 
camber required at points at the juncture of these 
strickles was calculated. 

A diagram showing the amount and distribution 
of the required camber is now issued to the molder 
before starting the job (Fig. 29). 

In order to set the camber accurately it is neces- 
sary to put the required radius of curvature into the 
strickle. —The amount of curvature required on 5-ft 
lengths; however, is very small, and it is within the 
experimental error to use straight strickles. 

Assuming that the casting to be produced has a 
uniform cross section along its entire length, the 
center of camber, i.e., the points at which the maxi- 
mum camber occurs, will be at the center of the cast- 
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ing. Bedplates for planing machines, however, pos- 
sess heavy flanges of metal projecting from the sides, 
to which the cheeks for the crossrail are bolted. From 
Fig. 29 it will be seen that these projections are not 
in the center of the bed; in fact, they may be any- 
where along the bed, depending upon the design of 
the machine. 

Isolated heavy metal sections affect the resulting 
distortion of a casting since, in addition to altering 
the cooling rate, they possess additional strength and 
so prevent the casting from bending. Accordingly, 
the end of a bed casting, containing the heavy side 
flanges, cambers less than the uniform end. 

This difference in cambering tendencies is allowed 
for by moving the center of camber from the center 
of the casting to a point away from the projections. 
The actual location of the center of the camber is 
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determined from past experience in the production 
of similar castings. The net effect of altering the 
center of camber is to increase the radius of curva- 
ture of the end to which the camber is moved, and 
simultaneously decrease curvature of the other end. 

Castings which possess no longitudinal plane of 
symmetry require side camber to be used when set- 
ting the pattern, in addition to the usual bottom 
camber, in order to nullify the distortion produced 
by the differing cooling rates of the two sides of the 
castings. 

In setting the strickles, a string is first stretched 
along one side of the floor of the casting pit from 
two points at equal depths below the foundry floor 
level. The strickles are then placed underneath the 
string to give the desired camber by using setting 
blocks of the required size. Great care is taken when 
securing the strickles in the floor of the pit to ensure 
that no movement occurs. Before the string is re- 
moved, the camber points are checked by the labora- 
tory staff. The whole process is then repeated at the 
other side of the pit so that two lines of strickles, ac- 
curately set, are secured in the floor. Facing sand is 
then firmly rammed in between the two lines and 
the surplus sand strickled off. During the strickling- 
cff process, the accuracy of the strickle setting is 
rhecked by placing a spirit level across the junction 
of the strickles at each end of the mold (Fig. 30). 
The camber is again checked after the mold has 


Fig. 30 (left)—Accuracy of 

strickle setting in pit mold is 

checked by means of a spirit 
level. 


Fig. 31 (right)—-Camber is 
again checked after drying 
mold and placing chills. 
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been dried, and the chills forming the slideways have 
been placed in position (Fig. 31). In this way the 
number of defective castings produced through in- 
correct camber has been reduced to a minimum, and 
a casting rejected because of excessive distortion has 
become a rarity. However, allowances must be made 
for the sag in the line band, which varies from 14 to 
3%-in. over a 40-ft length. 


Gating 


In determining the number and size of gates as well 
as their location, it is important to consider their ef- 
fects on the resultant casting, and this cannot be too 
strongly emphasized. In many foundries, even to- 
day, the runner is regarded simply as a channel to 
permit the molten metal to enter the mold cavity. 
They are sometimes made as quickly and cheaply as 





possible, since it is not realized that the gating sys- 
tem is subjected to a more severe cutting action than 
any other part of the mold, and should receive the 
most attention from the molder. 

The principal function of an efficient gating system 
is to properly run and feed the casting, and to allow 
clean metal to enter the mold with the minimum of 
turbulence and agitation. To be efficient, therefore, 
some form of dirt trap must be included to hold back 
any dross or slag which may be present in the metal. 
It is a mistaken belief that the inclusion of a dirt trap 
at some one point is sufficient to ensure a clean cast- 
ing. The whole of the gating system, from the pour- 
ing basin to the ingates, must be fashioned to mini- 
mize the possibility of dross entering the casting. 
This entails the correct proportioning of the various 
components of the gating system in order to obtain 
the required degree of choke on the metal flowing 
through the system, in addition to incorporating such 
dirt traps as may be deemed necessary. 

The separation of slag from metal in a gating sys- 
tem is usually accomplished by making use of their 
differing physical properties, density and viscosity. 
By causing a molten mixture of slag and metal to 
rotate, the centrifugal force produced acts in addi- 
tion to the normal gravitational effect, and so en- 
sures a more rapid separation of the two constitu- 
ents. This principle is employed successfully in the 
whirlgate types of runner used in the gating of small 
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castings. With larger castings, however, the use of 
the whirlgate is not always practicable, and so other 
methods may have to be used. One such method em- 
ploys a slag dam, usually in the cross runner, one 
form being illustrated in Fig. 32, whereby any slag 
floating on the surface of the flowing metal is held 
back, permitting the clean metal to pass underneath 
the dam and into the ingates. 

“Dirt risers’ are sometimes incorporated into the 
gating system. This takes the form of a riser located 
at a position along the cross runner, whereby any 
dross on the surface of the metal stream enters this 
riser and is removed from the gating system. 

One very effective method of gating large castings, 
which have to be machined on both top and bottom 
faces, is to employ a double runner basin with a 
plug in the outlet from the second basin, as per the 
diagram on the record card (Fig. 21). The quantity 
of dross remaining in the second basin after the cast- 
ing has been poured gives some indication of the effi- 
ciency of this method. If, in addition, syphon run- 
ners are included in front of the ingates, there is little 
likelihood of any dross from the metal entering the 
mold cavity. 

The location, size and number of gates to be used 
for a casting depends on a number of factors, each 
of which must receive due consideration before the 
form of the gating system is decided upon. 


Location of Gates 


Gates should be located with a view to producing 
simultaneous cooling of light and heavy sections, 
thereby reducing or eliminating the internal stress 
present in the casting. This may be achieved by gat- 
ing so that the hottest metal goes to the lighter sec- 
tions and the duller metal into the heavier sections. 
Also, since any dirt which enters the mold cavity 
through the ingates tends to lodge in front of the in- 
gates, it is better to gate away from machined surfaces. 

Heavy castings, which usually are bottom poured to 
ensure quiet delivery of metal, are molded with the 
heavy, machined, sliding surfaces downward in the 
mold to obtain clean slideways. It usually is impos- 
sible, therefore, to observe strictly the above prin- 
ciples in the molding of this class of work. 

In running heavy castings, it is preferable to use a 
number of small runners rather than one large run- 
ner, and to provide for the metal to enter the mold 
with as little hindrance as possible, and in such a 
manner that the hottest metal enters the thinnest 
sections first. Furthermore, it is important to remem- 
ber that the runner system withstands more arduous 
conditions than most parts of the mold, and there- 
fore requires more attention. The ingates should be 
made as short as possible, in order to reduce the 
tendency to pick up dirt and to unduly cool the 
first metal. 

Figure 33 is a section of a planing machine bed 
with the ingates in position “A’’. Occasional defects 


in the form of porous patches appeared during the 
machining operation in the position indicated. By 
altering the position of the runner from “A” to “B”, 
and modifying the shape of the densener used, the 
defect was rectified. 
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Gates should also be situated so that the metal on 
entering the mold cavity does not impinge against a 
core or fragile part of the mold, nor should it flow 
onto a surface which is drained immediately the metal 
strikes it. 


Pouring Rate 


The rate of pouring a mold has a pronounced ef- 
fect upon the resultant casting. Slow pouring aggra- 
vates the troubles associated with the expansion of 
the sand, such as buckles, rat-tails, and pulldowns, 
due to the increased time during which these defects 
may occur. Slow pouring may also result in cold laps 
or seams if the loss of temperature taking place dur- 
ing the filling of the mold causes the metal to set 
before the cavity has been completely filled. 





Fig. 32—Method of placing slag dam in runner of mold 
for large casting. 


Gating Technique 


Molten metal on entering the mold gives up heat 
to the surrounding sand, and the greater the distance 
it travels the greater the cooling effect. In very large 
castings, fast-flowing of metal occurs in parts, while 
on other parts the metal may remain stationary. It is 
evident, therefore, that it will be impossible for some 
parts to be freshened with clean hot metal (unless an 
auxiliary system of runners is used which can be 
brought into operation by means of a short-circuited 
dry battery lamp and two wires rammed-up in the 
mold, at the level at which it is desired to freshen 
the metal). 

These variations result in trapped gas and unequal 
time of setting, quite apart from the question of 
thickness. The choice of runners must be determined 
according to location, and the capacity for distribut- 
ing and filling the mold with metal at, as nearly as 
possible, uniform temperatures. Whether or not top 
or bottom running is utilized depends on the type of 
casting. 

Fast pouring, while reducing or eliminating the 
defects outlined above and helping denseners to func- 
tion more evenly, has its own attendant disadvant- 
ages. Intricate jobs containing many cores require 
time before the free functioning of the vents from 
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Fig. 33—Altering position of runner and changing shape 
of chill eliminated porosity defect in large planing machine 
bed casting. 


these cores can commence. If the mold cavity has 
been filled with metal before this occurs, core gases 
may be forced into the metal and trapped in the cast- 
ing. Higher pouring speed also involves greater tur- 
bulence in the flowing metal with a consequent in- 
crease in the erosive action. 


Shape of Ingate 


Where possible, round ingates are preferred to 
square or rectangular ones. A circular ingate, possess- 
ing no corners, is much easier to dry thoroughly than 
other shapes, and has less surface area for a given 
cross section, thereby reducing the possibility of ero- 
sion taking place. There is also a more streamlined 
flow of liquid, causing less turbulence as the metal 
is delivered to the mold cavity. Ingates should be as 
short as possible to reduce the amount of heat lost 
by the metal, and should be choked at the junction 
with the downgate to prevent a nozzle effect squirt- 
ing the metal into the mold. 

Efficiently designed gating systems are not adequate 
in themselves to ensure a clean casting, since they 
will not compensate for any slipshod methods used 
in the making of the system. The majority of large 
castings are bottom poured to ensure quiet delivery 
of metal with the minimum of agitation, so that im- 
purities picked up by the metal after passing from 
the cross runner and the downgate must be carried 
into the casting. If this part of the gating system is 
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made by the normal] method of ramming sand around 
gate sticks, the use of a finishing tool or the applica- 
tion of a coating of refractory material to the sand 
is impossible. 

The most vital part of the gating system is, there- 
fore, the most difficult part to produce satisfactorily. 
In order to overcome this difficulty, all down and in- 
gates are now made in the form of cores, so designed 
that the coremaker can finish and coat with refrac- 
tory dressing the surfaces against which the metal 
will flow. The finished dried runner cores are 
rammed-up with the pattern, as illustrated in Fig. 34. 


Feeding 


Basically, one of the chief problems of the foundry- 
man arises from the fact that he must cast a liquid 
material into a mold and then take from this mold 
a solid of high quality, which will, within close toler- 
ances, meet the demands of the designer. Of the total 
shrinkage, that which occurs on the change from the 
liquid to the solid state is the first concern of the 
foundryman. Because of this shrinkage, a uniform 
sectional thickness, as already referred to, is a cardinal 
principle in good casting design. Failing this, at 
least a progressive increase in section to a location 
where a feeder can be placed is essential. 

There are three main stages in the cooling of the 
molten iron-liquid stage, solidifying stage and solid 
stage. Foundrymen should direct their energies to 
trying to obtain the combination of the lowest pos- 
sible shrinkage and free escape of gas, which will re- 
sult in a sound, close-grained casting. It should be 
remembered that when the metal in a mold cavity 
freezes according to the principle of controlled pro- 
gressive solidification, the coldest and thinnest-section 
metal furthest from the gates freezes progressively 
toward the hottest metal and heaviest section. 

This means that the freezing portion of the casting 
is being fed progressively by the slightly hotter metal 
ahead. The metal in the feeder must then supply the 
metal to fill the shrinkage requirements of the entire 
casting. Foundrymen often use feeders adequate for 
a heavy section of the casting, disregarding the over- 
all shrinkage which may draw metal from a heavy 
section before it freezes, which loss must be made 
good by metal withdrawn from the feeders. Never- 
theless, with a great body of cores or with hard cores, 
the expansion of the cores, and to some extent that 
of the mold, will compensate for some of the shrink- 
age tendencies. 

Successful feeding of a casting consists of supplying 
liquid metal to the casting to compensate for the re- 
duction in volume which occurs as the metal changes 
from the liquid to the solid state. The amount of 
shrinkage contraction which takes place, however, is 
related to the composition of the iron, so that before 
designing a feeder for a particular casting, consider- 
ation must be given to the type of iron to be used. 

In order to satisfy the basic fundamentals of feed- 
ing, the casting should freeze progressively from the 
bottom of the mold to the top, thus ensuring that the 
last part of the casting to set is immediately below 
the feeder heads supplying feed metal to the casting. 
This entails gating so that the hottest metal enters 
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the feeder heads. With small work, it is often possible 
io gate through the feeder in order to establish this 
condition, but with bottom poured heavy castings, 
heat is lost to the mold and cores during the filling 
of the cold, causing the dullest metal to enter the 
feeder heads. 

Topping up of feeders as soon as the rising metal 
enters the neck assists in rectifying the position. What- 
ever form of feeder is used, the length of the neck 
joining the feeder proper with the casting should be 
correctly proportioned, thus allowing maximum feed 
to take place before final solidification occurs. 

In recent years the use of exothermic sleeves for 
feeders has been developed, whereby the tempera- 
ture of the metal in the head is increased by the heat 
generated from the chemical reaction taking place in 
the sleeve. By taking advantage of these materials, a 
slower cooling factor in the feeder compared with 
that in the mold can be guaranteed, leading to great- 
er efficiency of the feeder. 

Liquid metal is supplied to the casting, by the 
combined effect of gravitation and atmospheric pres- 
sure, only for the length of time that the surface of 
the metal in the feeder remains fluid. Once a skin of 
solid metal has formed over the surface the atmos- 
pheric pressure, amounting to approximately 14 psi 
and equivalent to 5 ft of metal head, ceases to act. 

One means of retarding the freezing of the surface 
layer of an open feeder is to cover the surface of the 
metal with a heat-insulating material, the so-called 
feeding flux. 

Another method of utilizing atmospheric pressure 
for feeding purposes is to allow a small piece of oil- 
sand core to penetrate into the center of the feeder 
head. The oil-sand core is quickly heated to the 
temperature of the fluid metal in the riser without 
absorbing sufficient heat to cause a skin of metal to 
solidify round it. Atmospheric pressure is then trans- 
mitted through the sand to the fluid metal in the 
center of the feeder even though the upper surface 
has solidified. 

Head Pressure 

From the foregoing, it is seen that the effect of 
metal head is small compared with atmospheric pres- 
sure in forcing fluid metal into the shrinking casting. 
When the atmospheric pressure ceases to act through 
the formation of a skin on the surface of the iron in 
both feeder and the casting, the metal head provides 
the only pressure promoting feeding. Contraction tak- 
ing place within a solid skin of metal capable of 
withstanding atmospheric pressure does so with the 
formation of a vacuum. 

Freezing over of the surface of the feeder, provided 
the body and neck are still fluid, does not prevent 
metal head pressure playing its part in feeding the 
casting, since all movement of metal takes place in 
vacuo, and no additional energy is needed to increase 
the space between the fluid surface of the metal in 
the feeder and the solid top. The gravitational effect 
of a high head can thus play an important role in 
securing sound castings. 

In actual practice, of course, the above conditions 
are very rarely established, since the atmospheric pres- 
sure is usually sufficient to puncture the soft surface 
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skin of a feeder once a vacuum is formed underneath, 
causing the well known tearing effect to the surface. 
The general principle is present, however, and the 
validity can be judged from the increased feeder effi- 
ciency gained by increasing the metal head pressure. 

This is very noticeable in small castings where the 
metal solidifies in a very short period of time. In 
many cases, the metal in the gates remains fluid long 
enough to allow metal pressure caused by a high pour- 
ing head to be sufficient to feed the casting without 
the use of additional feeding. 

High head pressure, however, causes an increased 
strain on the sand walls of the mold, and additional 
care must be taken while molding to ensure that no 
deformation occurs when the mold is poured. Yield- 
ing of the sand walls has been known to produce de- 
fects which at first were wrongly attributed to shrink- 
age troubles caused by incorrect metal composition 
or inefficient feeding technique. 

If the mold cavity has been filled before the defor- 
mation occurs, a depression (having the appearance 
of a typical shrinkage defect) is formed at the upper 
surface of the casting from where the metal has 
drained to fill the increased mold dimensions. 

In the application of the principles of feeding to 
the production of sound castings it has been found 
necessary to study the design of each casting pro- 
duced and to indicate on the pattern the location of 
the necessary feeders. Standard feeder patterns, suit- 
able for the metal section they are required to feed, 
are then issued to the foundry along with the casting 
pattern. Wherever possible, side feeders are used in 
preference to top or flange feeders, since they appear 
to function more efficiently and possess the additional 
advantage that any dirt which may fall through does 
not enter the mold. 

Side feeder patterns are made in two sections, the 
neck (Fig. 35a), which is molded into the sand at the 
parting line, and the feeder which is rammed up with 
the cope. The two sections of the pattern are dow- 
elled to ensure correct positioning, thus avoiding the 
defect commonly associated with the side feeders, 
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namely, too long a nec’. causing premature freezing, 
and thereby preventing the flow of metal from feeder 
to casting. The other end of the feeder portion is 
shaped so that it may be used as a top or flange feed- 
er (Fig. 35b), while Fig. 35c incorporates a step to 
allow an exothermic sleeve to be fitted inside the 
feeder. 

Heavy feeders, however, are not always essential in 
the production of large castings. Many such castings 
can be produced without feeders if due regard has 
previously been given to the location of gates, and to 
the incorporation of chills or denseners to promote a 
uniform cooling rate. In such cases, small sectioned 





Fig. 35—-Example of feeder patterns. 


risers, as distinct from feeders, prove invaluable in 
ensuring clean sound castings. By permitting flow- 
off metal, more equal cooling conditions are estab- 
lished in the casting, in addition to flushing any gas 
through the riser openings. 


Denseners 


In view of the fact that most of the available sup- 
plies of pig iron are of the phosphoric type, difficul- 
ties are often met in maintaining the phosphorus 
content of the various specifications to the desired 
limits. This results in the fairly wide use of den- 
seners. The application of such denseners, however, 
must be carefully made as they may cause shrinkage 
in some other position unless they are placed with 
due regard to controlling progressive solidification. 
All the denseners should be made large enough for 
their effect to penetrate across the section to be den- 
sified, but not so large that they prematurely freeze 
the metal in the light or adjacent sections. 

Figure 36 illustrates an example where it is neces- 
sary to increase the size of the densener in front of 
the ingate of a large planing machine bed casting. 
This is necessary owing to the fact that these par- 
ticular end denseners tend to become overheated 
when the mold is poured. Increasing the mass effect 
of the densener to overcome this over-heating tend- 
ency permits the metal to be satisfactorily densened. 
If this method is not adopted sponge porosity can 
occur in this vicinity, appearing after machining. 

Figure 37 illustrates a further application of a den- 
sener. In this case it is in the form of tubular steel 
built up into the cores so that the main sliding bore 
of this particular gear box may be produced with 
an exceptionally close-grained metal, free from any 
sponge porosity. This defect can occur if this den- 
sener is not used, owing to the varying metal sec- 
tions and to the fact, as mentioned earlier, that the 





PRODUCTION OF MACHINE TOOL CASTINGS 


phosphorus content of the iron cannot always be 
controlled to a point sufficiently low to prevent oc- 
currence of internal shrinkage. 

Drying 

The drying practice of the foundry had previously 
been in charge of a foreman molder. However, the 
high proportion of castings which were defective due 
to blowholes and scabs, etc., made it imperative that 
the whole drying practice should be reviewed. 

Accordingly, a careful study of the matter was 
undertaken. Every mold was inspected immediately 
prior to coring, and the depth to which the dried 
sand extended was noted. Each casting was inspected 
immediately after shot blasting, and any surface blem- 
ishes were noted and correlation made between the 
condition of the mold and the condition of the cast- 
ing. The conclusions were: 

a) On a mold which was cast within 12 hr of dry- 
ing, a dried skin of 114 in, average depth was 
necessary to prevent scabbing. 

b) A convex mold surface required drying to a 
depth of 21% in. 

c) On a concave mold, surface drying to a depth 
of 14 in. was sufficient to produce a clean sur- 
face. 

d) On a mold which was required to stand from 
24 to 40 hr, one inch extra skin depth was re- 
quired to allow for “striking back.” 

e) A slightly burnt mold would produce a good 
casting provided the surface was not damaged 
in coring and the dried skin was 114 in. or more 
in depth. 

As the standard of drying on a great number of 
molds falls far short of that required to produce a 
good casting, the following investigation was carried 
out: 

The mold-drying stoves were first investigated. T'wo 
forced-draft coke-fired stoves, each with a recirculat- 
ing system, were used for drying box molds. Each 
stove was equipped with a recording pyrometer. The 
average drying cycle was 414 hr at 500 F. 

The drying temperature was raised gradually to 
600 F, but above this temperature the molds near 
to the air inlet were burnt, despite the fact that the 
large boxes were placed in the hottest part of the 
stove. The increase in temperature seemed to have 
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Fig. 36—Deeper denseners are placed in front of ingates 
to eliminate porosity in large planing machine bed casting. 
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‘ittle effect on the molds furthest away from the air 
inlet. 

The drying time at 600 F then gradually increased 
until at 9 hr every mold was dry, while none was 
burnt. 

Variations in the size of the batch were usually 
allowed for by lengthening or shortening the cycle. 
However, it was soon found that however small the 
batch, any reduction in the drying time tended to 
produce under-dried molds; the drying cycle was 
therefore standardized at 9 hr at 600 F. 

As mentioned previously, convex surfaces required 
drying to a greater depth than flat surfaces, and con- 
cave surfaces to a lesser depth. Fortunately, in stove 
drying any areas where the skin is thin usually are 
on the concave surfaces, while the convex surfaces are 
dried to a greater depth than average. 

Every mold is checked for dryness before coring 
commences. When an occasional mold is insufficiently 
dry, the matter is rectified by re-drying with a port- 
able hot-air dryer. 

The reason for the mold being under-dried is 
sought and invariably found before the next drying 
cycle commences. Among the common causes of 
under-dried or burnt molds are: 

1) Instructions not fully carried out by operator. 

2) Faulty temperature recording. 

3) Stoppages in re-circulation flues. 

4) Exceptionally poor quality coke. 

5) On a number of occasions, the reversal of the 
fans after electrical breakdown and faulty re- 
wiring. 

The result of rectifying these conditions was to 
bring about a big. improvement in the finish of the 
castings. 

Unfortunately, the molds for nearly half of the 
tonnage of castings were, of necessity, dried by port- 
able dryers. For many years the drying of molds by 
this method had been a matter of guesswork. The 
drying, even in different parts of the same mold, was 
found to be very uneven, and it was sometimes found 
that one half of a mold was crumbling due to its 
burnt condition, while the other half was hardly dried. 

The lack of control over the behavior of the drying 
pans was a serious stumbling block to any re-timing 
of the drying periods. Before any attempt could be 
made to improve the standard of drying, some at- 
tempt had to be made to control the temperature of 
the gases entering the mold. : 

A portable drying stove was therefore set up and 
the temperature recorded for various positions of the 
dampers. It was found that the temperature of the 
gases produced could be varied between 100 and 
1000 C by various settings of the dampers. 

It was known from experience on the drying stoves 
that the optimum temperature of the mold face was 
in the region of 300 C. Experiments were carried 
out to determine under what conditions the pans 
had to be run to produce the desired temperature of 
300 C. 

The drying pans were of simple design, consist- 
ing of a firebox with one damper controlling the air 
supply to the fire and another controlling the supply 
of secondary air. The following results were recorded: 


Temperature with bottom air only, 1060 cc. 

Temperature with all dampers open, 800 C. 

A series of temperatures was taken at 5-min inter- 
vals during the combustion of a full firebox of coke 
with the bottom air shut off and using top air only. 
The results indicated that the temperature dropped 
from 480 C at the commencement of the test to 390 
C after approx. 10 min when half of the coke had 
been burnt, and to 300 C after 45 min when approxi- 
mately 74ths of the coke had burnt. 

Any opening of the bottom damper was found to 
produce temperatures in excess of 450 C. It was there- 





Fig. 37—Another type of densener in the form of tubular 
steel built up into the cores to obtain close-grained, 
porosity-free metal in the bore of a gear box casting. 


fore decided that in all subsequent experiments the 
bottom damper should be closed. 

An experimental sand bed was then made on the 
floor and dried in a manner similar to the usual 
practice, with the following results: 

Directly under the nozzle the surface was burnt to 
a depth of 34-in. over an area of approx. 2 sq. ft. 

The bed was dried to a depth of 7 in. immediately 
under the burnt area, tapering to a depth of 114 in. 
at 21% ft from the center of the nozzle (Fig. 38). 

A rather significant feature was a definite crack 
approximately one inch below the surface. 

The experiment was again repeated, the hot gases 
being kept at a temperature of 300 C. It was noted 
that to maintain this temperature the bottom damper 
must be closed and the firebox slightly less than half 
full. The fuel consumption was 20 Ib of coke per 
40-min charge. The bed was again examined after 
3 hr. 

This time there was no burnt area, no cracking 
and the depth of sand dried varied from 314 in. at 
the center to one inch at 214 ft from the center of the 
nozzle (Fig. 39). 

From this test it was concluded that a drying pan 
would not efficiently dry any part of the mold which 
was more than 214 ft away from the center of the 
nozzle. 

The next step was to standardize the practice 
hroughout the foundry. 

First, a standard drying peg was made to ram up 
in the top part, leaving a hole of 20 sq. in. All drying 
holes were made 5 ft or less apart. 

Several molds were dried successfully and careful 
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records kept. Each casting was examined, and fol- 
lowed through the machine shops. 

When details of sufficient molds had been col- 
lected, the exact relationship between the surface 
area to be dried and the time required to dry it was 
ascertained. It was found that one pan-hour was re- 
quired for every 75 sq. ft. of mold surface. The dry- 
ing times for many molds were worked out, using this 
formula, with excellent results. 

It was soon found that deep molds could be dried 
satisfactorily at a quicker drying rate than shallow 
ones. 

The rate of charging was therefore increased from 
20 lb every 40 min to 20 lb every 30 min, and the 
drying time shortened proportionately, i.e., one pan- 
hour was required for every 100 sq. ft. of mold. 

In addition to the surface area, special attention 
must be paid to convex mold surfaces. These can 
often be cared for by careful positioning of drying 
holes in the cope. Failing this, considerable periods 
of extra drying are necessary to prevent scabbing 
from such areas. It is also desirable to increase the 
skin depth in front of the ingates. 

Great difficulty was experienced in drying the run- 
ner systems, as during the drying of the mold cavity 
there was considerable condensation on the cold run- 
ner. The only method of overcoming this difficulty 
was found to be the drying of the runner separately 
after completion of the mold drying. 

A record is now kept of every mold dried. Any 
particular difficulties are noted and all drying times 
are filed under pattern numbers, as well as in chrono- 
logical order. A vast improvement in casting surface 
has resulted since the drying practice was reviewed. 


Pouring Basins and Riser Bushes 


The use of a properly designed and prepared pour- 
ing basin is of great importance in ensuring clean 
castings. The main objects of basin design are 1) to 
permit quiet entry of iron through the sprue open- 
ing, and 2) to allow time for the separation of slag 
before the metal enters the sprue. 

The major portion of slag which passes from the 
pouring basin does so in the time which elapses be- 
fore the basin is completely filled with metal, and 
this depth should not be less than approximately 
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four times the diameter of the downgate. The use of 
a skim plate or plug, to ensure that the basin is full 
before any metal passes through the sprue, is a wise 
precaution. Plugs are the best preventative in this 
respect, but great care must be taken in the prepara- 
tion and use of them. 

Poorly fitted plugs permit small quantities of metal 
to pass into the sprue and freeze before the plug is 
removed. Removal of the plugs must be accom- 
plished in one smooth movement to avoid disturbing 
the sand around the sprue orifice. Any sand which 
is loosened in this way is carried into the gating 
system proper by the velocity of the metal leaving the 
pouring basin. 

Dry sand molds should never be prepared with 
green sand pouring basins. Heat from the warm dry 
mold rises through the gates, producing a friable skin- 
dried crust on the green sand, which is easily washed 
away. Furthermore, the steam produced in drying 
this crust condenses on the cooler parts of the pour- 
ing basin and causes a boiling action when the mold 
is poured. Accordingly, pouring basins for large dry 
sand work are now prepared on the day the mold is 
finished, and dried in a mold drying stove. 

All risers are built up on the top part of the mold 
before it is lowered into place for drying. This en- 
sures that the mold is free from the possibility of 
dirt falling in during the ramming of the risers. In 
making the risers it should be remembered that all 
liquids find their own level. Therefore, all open 
risers should at least be as tall as the runner bush 
unless the casting is to be flushed. Mold and core 
gas pressure can be very high when molten metal 
touches the sand surfaces. 

High sand permeability and free venting can as- 
sist in preventing pressure build-up. However, to 
provide a further safety factor against these gas pres- 
sures, it is recommended that liquid pressure of the 
molten metal should be as high as possible so that it 
exceeds the maximum gas pressure at the sand face. 
High liquid metal pressure is achieved simply by 
using tall risers and runner basins. 





Metal Melting and Composition 


Closely associated with the problem of design is 
the question of metal composition. Designers, while 
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knowing the service required from the casting, rarely 
specify the physical requirements of the metal on 
the drawing, but simply state “cast iron”—“close- 
erained iron”—or “high-duty iron.” 

The foundry metallurgist must seek much infor- 
mation, ascertain the most important working sur- 
faces and the service demanded and, with his knowl- 
edge of the characteristics of his available specifica- 
tions, produce the most economical metal. 

The metal specification also has a bearing on the 
running and risering of a mold, as each grade has 
different running properties, liquid shrinkages and 
solidification characteristics. For example, as one 
proceeds through the six grades quoted in the Brit- 
ish Standard Specification, the running characteristics 
of metal decrease and the shrinkage characteristics 
increase. 

Constant attention is paid to the melting of the 
correct grade of iron and pouring temperature, which 
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is usually between 1280 and 1350 C, depending upon 
the design of the casting. The relationship between 
the composition of the iron and the temperature 
plays an important part in producing castings free 
from defects, particularly those of shrinkage and gas 
holes. All shrinkage cavities and gas cavities are 
formed during the freezing or setting period of the 
molten iron, and the composition and temperature 
determine the length of this period. 

The present-day tendency for total carbon con- 
tents below 3.0 pct is not always essential to general 
foundry practice, and can lead to difficulties. The 
important part which the total carbon-silicon-phos- 
phorus ratio plays in the solidity of casting is illus- 
trated in Fig. 40. This is a cross-sectional diagram 
of a radial drill pillar mold, the casting to be ma- 
chined over the complete outer surface and then 
ground (Fig. 40a). 

It was found that, periodically, small air or gas 
holes appeared after machining in the bottom sec- 
tion of the casting, as indicated. After careful study 
of production methods, materials and drying pro- 





Fig. 40 (lett) and Fig. 40A 
(right )—Cross-sectional view 
of mold for radial drill pillar 
mold. The outer surfaces of 
the castings are completely 
machined and then ground. 
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cesses, the defect was found to be caused by the lack 
of fluidity in the iron, due to out-of-balance carbon, 
silicon and phosphorus contents, and too low a cast- 
ing temperature. 

All future castings were then numbered and full 
information regarding composition and casting tem- 
perature plotted in relation to the soundness. The 
result was that a chart of the type illustrated in Fig. 
41 was produced, showing the area “X” for composi- 
tion and casting temperature to which all castings of 
this type are now manufactured with highly success- 
ful results; scrap and defective castings over the past 
6 months were less than 1.0 pct. 


Metal Melting 


The production of iron possessing the desired 
properties of temperature and composition is essential 
in producing sound castings, for no matter how well 
prepared a mold might be, faulty metal can nullify 

















all the good work put into its preparation. In order 
to obtain this type of iron consistently, strict cupola 
control is practiced, so that many variables may be 
reduced to a minimum. In addition to the weighing 
of all charge ingredients, including air, this involves 
an efficient method for the segregation of the differ- 
ent classes of scrap. 

Under the prevailing conditions of supply, no 
foundry can afford to reject any scrap allocated to 
them, with the consequent result that many grades of 
scrap must now be used for the compilation of 
charges. This scrap, which is frequently high phos- 
phorus, high silicon, can create havoc if used for mak- 
ing castings where closeness of grain is essential, e.g., 
for high pressure work, unless it is blended with the 
correct grades of pig iron. It is essential, therefore, to 
check the analysis of each consignment of scrap im- 
mediately it is received by the foundry. 

The efficiency of melting technique can be judged 
from the appearance and temperature of the metal 
as tapped, and from simple control tests® carried out 
at the cupola spout. Any deviation from the produc- 
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CASTING TEMPERATURE.°C. 
Fig. 41—Chart showing area (X) for com- 
position and pouring temperatures to pro- 
duce sound castings. 


tion of good hot metal can usually be traced to some 
variation of the standardized procedure and rectified 
immediately. 

After melting the iron to the correct composition, 
it is not sufficient to guess at the total weight tapped. 
A portable weighing machine is used; it is much 
safer to avoid short casts and prevent the melting of 
unnecessary quantities of metal. 

The method adopted by the author’s foundry to 
standardize melting conditions is the use of a cupola 
control form (Fig. 42), on which all relevant data 
of the daily operation is recorded, together with 
graph recording of wind volume and pressure, Fig. 
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PRODUCTION OF MACHINE TOOL CASTINGs 
43. This graph also records the time that each charge 
is placed in the furnace. 


Ladles 


Melting control does not end with the production 
of hot iron of suitable composition at the cupola 
spout. The metal melting section is responsible for 
the metal unit it is ready for pouring into the wait- 
ing molds. Many defects have been found to be pro- 
duced through the use of inefficiently prepared ladles 
to collect molten iron. Ladles should always be clean, 
dry and pre-heated before use. Any damage which 
occurs to the ladle lips is at once repaired and the 
ladle thoroughly dried. 


1. Dirty Ladles. 

Clean metal cannot be poured from dirty, slag en- 
crusted ladles. Slag and dross is melted by the hot 
metal in the ladle and is continuously rising through 
the liquid metal. During the pouring operation, 
therefore, no matter how well skimmed the ladle may 
be, entrained slag passes from the ladle into the pour- 
ing basin and thence into the mold. If, in addition 
to slag, solidified iron has been left in the ladle from 
the previous melt, new metal tapped into the ladle 
quickly loses heat to the cold solid iron. This results 
in dull metal being poured into the mold, with con- 
sequent defects. 

Defects which have been found to occur through 
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Fig. 42—Cupola control form. 
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Fig. 43—-Graph recording of wind volume and pressure; 
also, time each charge is placed. 


the use of wet ladles are caused principally by the 
boiling action which takes place when the steam gen- 
erated from the moisture finds an escape through the 
liquid metal. Moisture in ladle lips is more detri- 
mental than in the lower lining since there is less 
ferrostatic pressure at the top of the ladle to force 
the steam back through the ladle casing. Also, boil- 
ing which takes place at the ladle lip is immediately 
transferred to the pouring basin during casting. 

Steam reacts chemically with molten iron, forming 
an oxide of iron together with hydrogen. The result 
of the reaction, therefore, is to produce dross within 
the metal itself, and hydrogen, which is partly dis- 
solved in the iron, to be liberated on cooling with 
the formation of gas holes or porous metal. 

Efficiently maintained equipment, however, is not 
in itself a sufficient safeguard against producing de- 
fective castings. Effective control over the pouring 
operation is also required, as careless pouring may 
result in defects such as dirt inclusions, shot iron and 
cold laps through improperly skimmed metal, faulty 
positioning of ladle, interrupted pouring or insuf- 
ficient basin depth. 

Conclusion 

Many years ago, Plato recorded that education im- 

parts appreciation of quality, and it follows naturally 


that lack of education encourages the acceptance of 
poor quality castings. It is suggested that the industry 
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as a whole cannot fail to benefit from a more com- 
prehensive study of the origin of the defects occurring 
in castings. The adoption of a manufacturing control 
system similar to the one outlined in this paper, modi- 
fied to suit the conditions peculiar to the individual 
foundry, is recommended as one method of achieving 
this object. 

Our own experiences of the past few years have 
indicated conclusively that a continuous study of 
foundry processes results in lower cost castings of 
better quality, coupled with a reduction of waste of 
valuable materials and loss of machine shop hours. 

If this paper helps in furthering the application of 
quality control in the foundry, by better understand- 
ing and further realization of the economic import- 
ance of the production of sound castings, the efforts 
of preparing the paper will have been worth while. 
It is further suggested that perhaps a good motto for 
each foundry to follow is an S.0.S. which the writer 
once noticed displayed in a factory: 


Simplify your thinking and actions by cutting out 
waste at all stages of the production of cast- 
ings, remembering that waste may take the 
form of material, labor or energy. 


Organize for continuous cost reduction without sacri- 
fice of quality by steadily improving pro- 
duction methods and team efficiency. 


Serve the industry with quality products. Cooperate 
as a team with renewed vigor and determin- 
ation, making your united efforts objective 
to improving the service rendered to your 
customers. 
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AMERICAN EXPERIENCES WITH BASIC CUPOLA MELTING 


By 


Sam F. Carter* 


Through the years the cupola with a conventional 
lining of clay and silica refractories has been operated 
purely as a melting furnace with no chemical refine- 
ment expected. The resulting slag has been predom- 
inantly acid with no capacity to absorb sulfur or phos- 
phorus from the metal. Cumulative sulfur absorption 
and declining raw material quality have made it in- 
creasingly difficult to meet the more rigid and more 
varied metallurgical expectations with the materials 
available and the chemical limitations of the acid 
cupola. 

Theoretically any appreciable removal of either 
phosphorus or sulfur within the cupola would re- 
quire a slag with the basic constituents predominant. 
Such a basic slag can hardly be maintained in con- 
tact with an acid lining especially since a large part 
of the slag comes from the fluxing away of the lining 
in the melting zone. 

In Europe some theoretical and experimental con- 
sideration has been given a cupola lined with basic 
refractories, but such an operation remained chiefly 
an academic dream because of questionable control 
and refractory service. Within the last decade the 
British made such a basic cupola a practical reality 
and Renshaw reported successful production experi- 
ences. Most of these first basic cupolas were operated 
on special applications and/or raw material situations 
and the versatility was not immediately evident. 

American experiences with the basic cupola have 
not been as long as some European experiences. With- 
in the last two or three years basic melting has grown 
rapidly in the United States and operating experi- 
ences have contributed to the knowledge of the ver- 
satility as well as the practicability of the basic cupola 
for a number of melting applications. 

Basic cupola research was started in the author's 
plant five years ago. The first three years of experi- 
mentation and short production trials were reported 
in a previous paper.! Production trials gave satisfac- 





*Assistant Melting Superintendent, American Cast Iron Pipe 
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Note: This is the Official Exchange Paper from the American 
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tory performance on a difficult operation. A mag- 
nesite brick lining was far more resistant than clay 
refractories but refractory costs were much higher. 
Patching with rammed magnesite and dolomite mix- 
tures then available showed promise for a more rea- 
sonable basic refractory maintenance cost. Over 100 
experimental heats proved that basic slags could be 
made to remove either sulfur or phosphorus, but not 
both by the same practice with good efficiency. 


Removal of Phosphorus by Oxidation 


Phosphorus was removed by basic slags when made 
sufficiently oxidizing with low coke ratios and/or the 
addition of oxidizing agents. Table 1 shows some of 
the heats that removed 0.19 to 0.32 per cent phosphor- 
us from low silicon charges in the range of 0.30 to 
0.80 per cent phosphorus. This metal low in silicon 
and in an oxidized condition was readily dephosphor- 
ized another 0.10 per cent to 0.20 per cent in the 
forehearth ladle by means of sodium carbonate ad- 
ditions. 

Slag analyses in Table 2 show the high iron oxide 
contents necessary for dephosphorization. The 1.7 
per cent to 3.5 per cent P.O; content in the slags 
account for the phosphorus removed from the metal. 
These heats show the chemical possibilities of a basic 
slag. But such an oxidizing treatment has some prac- 
tical limitations. The deficient silicon and mangan- 
ese contents must be restored and the resulting iron 
is too cold for most castings. No commercial applica- 
tion of this process has been made. This treatment 
might prove practical in a duplex melting arrange- 
ment or for pigging and remelting where high phos- 
phorus pig iron is the most available material and a 
low phosphorus product is required. 


Desulfurization in the Cupola 


Desulfurization was accomplished most efficiently 
with slags of high basicity with low iron oxide con- 
tents. Such reducing conditions are more in line 
with the good cupola performance and high tem- 
perature metal ordinarily desired in the foundry. 

Some of the experimental desulfurizing heats are 
shown in Table 3. With conventional fluxes sulfur 
contents of .040 to .080 per cent could be obtained, 
compared to sulfur contents of .080 to .140 per cent 
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TasB_Le 1—Basic DEPHOSPHORIZING HEATS 











Metal Amount Phosphorus Silicon Manganese Carbon Sulfur Temp. 

Flux, % Charge Coke, % Charge Final Charge Final Charge Final Charge Final Final Max. 

0 Lst, 3 Fe Ore, 1 Sp. Remelt 14 0.65 0.33 0.48 0.17 0.22 0.13 3.64 3.55 0.091 2530 

0 Lst, 3 Fe Ore, 1 Sp. Remelt 14 0.33 0.14 0.17 0.12 0.13 0.05 3.55 3.24 0.097 2540 

i0 Lst, 3 Mn Ore, 1 Sp. 100% Pig 14 0.79 0.58 0.75 0.23 0.24 0.39 4.13 3.79 0.036 2640 

8 Lst, 4 Purite 70 Pig, 30 Steel 12 0.57 0.30 0.56 0.10 0.31 0.12 2.95 2.80 0.081 2550 

6 Lst, 3 Mn Ore, 4 Pur. 2 Sp. 100% Pig 12 0.79 0.49 0.75 0.37 0.24 0.24 4.13 3.65 0.052 2570 
Flux expressed as per cent of metal charge. Lst. = limestone, Purite = fused sodium carbonate, Sp — Fluorspar. 


\ll analyses represent average of 3 to 7 samples. 
Maximum temperature is °F as determined by optical pyrometer standardized with thermocouple. 
Maximum level is average of three highest adjacent readings in middle of heat. 





TABLE 2—-SLAG COMPOSITION——-BASIC DEPHOSPHORIZING HEATS 



































Metal Phos. Slag Composition, % 
Flux, % Charge _ Final SiO, Al,O, —-Fe,O, FeO MnO CaO MgO CaF, S P.O; 
10 Lst, 1 Sp, 3 Fe Ore 0.74 0.65 28.4 9.3 7.6 19.5 2.0 21.6 — 1.8 0.02 2.5 
10 Lst, 1 Sp, 3 Fe Ore 0.74 0.65 16.0 3.5 9.1 $2.2 1.5 20.4 14.4 2.5 0.14 2.9 
10 Lst, 1 Sp, 3 Fe Ore 0.65 0.33 20.3 6.2 9.4 23.0 1.3 28.3 9.2 2.0 0.08 2.9 
10 Lst, 1 Sp 0.74 0.55 31.3 7.1 4.2 4.6 2.7 39.7 5.2 2.4 0.11 3.5 
10 Lst, 1 Sp 0.41 0.20 14.3 4.4 18.6 19.8 0.9 35.5 11.0 1.0 0.11 1.7 
Tas_e 3—Basic DESULFURIZING HEATS 
(Experimental 23-in, Cupola) 
é Coke Final % Carbon % Sulfur % 
Metal Flux : Temp. F, 
Charge Per cent % Type Si Mn Charge Final Charge Final Max. 
Remelt, 0.08% §S 2%, Limestone 124% A 2.29 0.79 3.43 3.45 0.077 0.073 2660 
Remelt, 0.08% S 10 Lst, 2 Spar 121% A 2.25 0.76 3.39 3.72 0.077 0.066 2600 
Remelt, 0.12% § 3 CaC,. 5 Lst, 3 Sp. 14 \ 2.31 0.89 2.48 3.62 0.119 0.031 2780 
Remelt, 0.13% S$ 6 CaC., 5 Lst, 3 Sp. 14 A 1.85 0.72 2.30 3.83 0.134 0.016 2815 
Remelt, 0.29% S$ 5 CaC,, 5 Lst, 2 Sp. 14 A 1.79 0.81 2.20 2.89 0.287 0.100 2740 
70% Steel 6 CaC,, 5 Lst, 2 Sp. 17 D 2.13 0.74 1.20 3.30 0.060 0.032 2900 
100% Steel 10 Lst, 1 Spar 16 A 2.34 0.67 0.20 2.48 0.050 0.081 2805 
100% Steel 3 CaC,, 5 Lst, 3 Sp. 16 A 2.41 0.89 0.20 3.50 0.050 0.026 2950 
100% Pig Iron 7 Lst, 1 Spar 15 A 2.34 0.15 4.20 3.80 0.030 0.022 2700 
100% Pig Iron 6 CaC,, 5 Lst, 3 Sp. 14 A 1.98 0.14 4.20 4.11 0.030 0.009 2780 
Coke A is a regular foundry coke with 0.75% S. Coke D is 2.0% S, 14% ash, 5% volatile. 
METAL & SLAG COMPOSITION TRENDS expected in acid melting from similar materials. In 
WHEAT BETO USING 7% CARBIDE & i% SPAR IN BASIC CUPOLA 2 . . A . — x 
the course of our experimentation calcium carbide 
° 4 ° . . . 
* STEEL @ 7% sé ” was discovered to be a powerful aid to desulfurization 
when charged directly into the cupola as a flux. With 
¢ °*g 2, the help of carbide the basic slag removed as much 
~ a "§ as 0.187 per cent sulfur from one charge of 0.287 per 
. # cent sulfur scrap. A 0.134 per cent sulfur charge was 
Zo =£°3 e = . , . 
et ae reduced to 0.016 per cent sulfur. Charges of 100 per 
s + 4 . 
2) = cent steel were melted with low sulfur and the car- 
3g i's oy bon pick-up increased enough to give a gray iron ° 
ri " carbon content. A coke with 2 per cent sulfur and 
14 per cent ash, ordinarily considered unfit for found- 
3 3 a ry use, was made to produce a 0.032 per cent sulfur 
iron. Charges of 100 per cent pig iron for nodular or 
ductile iron have been made to produce sulfurs as 
° ° de ° > 
* low as 0.005 per cent directly from the cupola. 

- Figure 1 shows graphically the effect of slag com- 
°° 58 3 ¢ 3 position on metal chemistry. On one heat, due to 
a” Zio ad . ° . . 

a i . the delayed action of the carbide, the slag chemistry 

3 Rey changed drastically near the middle of the heat. Basic- 

22 =8 ee ity increased and slag FeO decreased sharply. These 

* § z S ad changes produced a sulfur increase in the slag and a 

© o* 2 sharp decrease in the sulfur of the metal. Tempera- 
- ~ ” 


Fig. 1—Slag-metal relationships in experimental basic 
heat.4 
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ture and carbon content were increased by the same 
reaction. Whereas the acid slag had always been con- 
sidered an incidental nuisance, the basic slag was 
shown capable of accomplishing desirable chemical 
refinement. On the basis of the desulfurization ac- 
complished and the increased carbon pickup several 
varied applications were suggested in which basic 
melting might find a place either in improved iron 
quality or in relieving raw material problems through 
successful use of more scrap, or steel, and lower qual- 
ity coke. The basic refinement made possible an iron 
chemistry suitable for the newly developed nodular 
or ductile iron. 


Production Experience—Refractory Maintenance 


For the last two years the writer’s plant has been 
operating one of the smaller production cupolas with 
a basic lining.? This cupola is a 36-in. I.D. furnace 
melting 4 tons per hr for 5- to 8-hr shifts. The out- 
put is predominantly a gray iron of 0.20 per cent 
phosphorus content. A number of occasional special 
irons have been melted in this cupola. After a few 
early troubles the operation has been satisfactory. 
Practically all the lower phosphorus irons have been 
melted with an economic advantage and some of the 
special irons have been produced with considerable 
economic and/or metallurgical advantages. 

Figure 2 shows details of the basic lining used in 
the writer’s cupola. The left side shows the original 
magnesite brick lining and the right side the lining 
as it is presently maintained with a monolithic dolo- 
mite patch blown with a pneumatic gun. Obviously 
basic refractories are necessary only in the portions of 
the lining that directly contact the slag or contribute 
heavily to the slag composition. 

Before arriving at the writer’s current procedure 
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Fig. 2—Lining details of basic cupola. 
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for daily patching, we investigated five fundamentally 
different combinations and eight different basic ma 
terials. The author's earlier basic cupolas were main 
tained primarily with rather expensive magnesite 
brick which were available for higher temperature 
steel furnaces. Some patching with rammed mag 
nesite and rammed dolomite showed considerable 
economic promise. With the introduction of the 
pneumatic guns for cupola patching, several of the 
granular basic materials produced for steel furnace 
hearths were successfully blown. Slight adjustments 
were sometimes made on the commercial mixtures, 
either in the bond or size distribution, to facilitate 
the application with a particular gun. A comparative 
study was made of daily attack and refractory main- 
tenance costs. Results are summarized in Table 4. 


TABLE 4—COMPARATIVE REFRACTORY PERFORMANCE 
AND PATCHING Costs 
(25-ton heats—36-in. cupola) 











No. Days Max. attack’ Patch cost 

Patch Material Averaged per side per ton? 
Acid: 

Clay brick (18) 6.0 in. $1.51 

Ganister-clay gunned (4) 4.8 in. 1.10 
Basic: 

Magnesite brick (18) 2.4 in. 3.80 

Magnesite rammed (3) 3.5 in. — 

Magnesite gunned (4) 3.8 in. 2.68 

Dolomite rammed (4) 4.0 in. - 

Dolomite gunned (30) 4.2 in. 1.85 


1 Difference in lining before and after heat at point of maximum 
attack. 

? Both material and labor costs of patching back to original 
dimensions. 





All the basic materials were equal to or better in 
performance than clay refractories, but considerably 
higher in cost. Patching with magnesite brick gave 
the least attack but the highest cost. Although re- 
fractoriness was slightly less, the blown dolomite pre- 
paration has given us the best overall cost. On this 
particular cupola the dolomite patching cost was $0.75 
per ton of melt higher than acid patching with a 
blown ganister mixture. This was a 68 per cent in- 
crease in refractory cost. Economic justification for a 
basic lining can be expected only when this increased 
refractory cost can be overcome by greater savings in 
the metal charge or improved casting quality. 

This cupola is equiped with water cooling by ex- 
ternal sprays. As expected the water cooling does not 
appear to retard refractory consumption until the 
lining has been burned very thin. However, opera- 
tions for a few days were successful with essentially 
no refractory lining in the melting zone. One of the 
author’s acid cupolas is operated regularly with ex- 
ternal water cooling and practically no lining. With 
further development water cooling seems to offer 
more relative advantages on a basic furnace. 

Some special consideration must be given the slag 
hole refractories because of the more corrosive nature 
of the basic slags. The basic cupola in the writer's 
plant has been operated both as a back slagging, in- 
termittent tap cupola, and currently as a continuous 
tap, front slagging cupola. In back slagging, the rear 
slag hole received the abuse. Clay-graphite refractor- 
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ies were sufficient for only short heats of 2 or 3 hr. 
‘lag holes rammed from dolomite and magnesite, 
vhen properly bonded and densely rammed, have 
lasted satisfactorily for a one shift operation. Silicon 
carbide blocks have lasted generally one and two days. 
Graphite and carbon slag hole blocks proved com- 
pletely resistant to slag attack and slag adherence but 
were gradually burned larger by escaping air when 
left open too much. 

In front slagging the special refractories are needed 
in the tap hole, the slag skimmer knife and the run- 
ner box wherever contacted by the slag. Tap holes 
rammed from both dolomite and magnesite have per- 
formed with consistent satisfaction for a one shift op- 
eration. Frequently these have been used two or three 
days with essentially no patching. High alumina 
brick (98% -+ Al,O3) have shown good resistance, 
but at a higher cost than other materials. Our run- 
ner box and slag knife are made from magnesite 
brick with a ]-in. inner lining of rammed dolomite. 
The daily attack is confined to this dolomite layer 
which is patched after each day’s operation. The 
slag overflow and run-off trough are lined with thin 
graphite or carbon blocks with the sides formed from 
carbon paste or clay-graphite refractories. Carbon 
blocks and pastes proved completely resistant to slag 
attack and adherence, but are attacked slowly by hy- 
po-eutectic iron if extended below the slag level. 


Flexibility by Varying Slag Basicity 

Experience at the author’s plant has indicated that 
a cupola with a basic lining may be operated at sev- 
eral distinct levels of slag basicity dependent on the 
quantity of basic flux used. For that reason experi- 
ences from various cupolas cannot be properly com- 
pared without consideration of slag basicity level. 
Larger slag volumes and slags of higher basicity re- 
move more sulfur from the metal. The more basic 
slags also wash away the acid ash from the coke more 
effectively, producing a higher carbon pickup and 
more reactive combustion. The additional use of 
small percentages of calcium carbide by virtue of its 
exothermic and strongly reducing effect has enabled 
us to make the slag still more basic and lower in 
FeO, the sulfur extremely low, and the carbon pick- 
up still greater. 

On the low basicity extreme our basic furnace has 
been operated with no flux addition. The basic re- 
fractory consumed from the lining more than neutral- 
ized the acid constituents from the coke ash and sili- 
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Proportion Silicon Carbon Sulfur 
of Steel, Loss, Pickup, Final, 
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Flux Charge q% % % % 
Acid —4% Limestone 30 15 45 .090 
Basic —No Flux 35 20 65 075 
1% Limestone 40 24 85 .070 
29%, Limestone 50 27 1.25 .060 
4%, Limestone—!|4% Sp. 60 30 1.60 050 
1% CaC,, 4% Lst,1% Sp. 80 30 2.40 .030 


Rounded averages of several days operation based on average 
raw material conditions. 

Silicon loss is per cent of overall silicon addition with .25% 
silicon inoculation added to ladle as FeSi. 

Carbon pickup is per cent carbon content above calculated 
carbon content of charge. 





con oxidation so that the resulting slag was still 
slightly more basic than an acid slag. The charge was 
little different from an acid mix and the sulfur was 
only slightly lower. Progressive increases in flux 
quantity produced increased slag basicity and final 
sulfurs were decreased progressively from .075 per 
cent to .030 per cent. To compensate for the increased 
carbon pickup the proportion of steel on the mix was 
increased from 35 per cent to 80 per cent to produce 
the same carbon content averaging 3.40 per cent. 
Table 5 shows five different basic mixes along with 
an acid mix that we have used to obtain iron of the 
same chemistry, except for sulfur. 

In the writer’s raw material situation and on lower 
phosphorus iron the basic mix has proved a net 
economic advantage by virtue of the increased pro- 
portion of steel scrap. The 60 per cent steel mix 
affected a net saving of over $2.00 per ton. The 80 
per cent steel mix with carbide produced a further 
saving but required closer supervision to maintain 
good control. 

As indicated in Table 5 silicon loss is much higher 
in basic melting and must be considered chemically 
and economically. No manganese has been required 
on the author’s basic operation. Better manganese 
recovery with a basic slag has produced manganese 
contents of 0.45 to 0.70 per cent which are sufficient 
to neutralize the lower sulfur contents of .030 per 
cent to .070 per cent. 


Nodular and Special Irons 


The reactions under a highly basic slag have pro- 
duced chemical accomplishments beyond the limita- 
tions of the acid cupola, some of which have desir- 


TABLE 6—SPECIAL IRONS MADE IN Basic CUPOLA 
(Typical Short Heats—36-in. Production Cupola) 





Metal Chemistry 











Type Iron Metal Charge Flux Charge S Si Cc Alloys 
1. Nodular Iron 50% Steel 4%, CaC,, 
50% Low P Pig 4% Lst, 2% Spar .010 2.07 3.90 Mg 
2. Permanent Molds 30% Steel 6% Limestone 
70%, Pig 2% Spar .040 1.79 3.80 Cr 


3. Forging “Die Pots” (A) 100% Alloy return 


4%, Limestone 


14% Spar 061 1.10 3.97 Ni, Mo, Cr 
(B) 100% Alloy return 2%, Limestone .073 1.22 2.70 Ni, Mo, Cr 
4. Ni-Resist 100% Ni-R return 6% Limestone 
1%, Spar 082 2.18 2.84 Ni, Cu, Cr 
5. High Strength 90%, Steel 1%, Limestone .082 1.67 2.87 








56 


able metallurgical applications. Table 6 shows some 
of the occasional! special irons made advantageously 
in the writer’s basic cupola. 

The first special iron described is a typical heat of 
nodular iron. Irons of 0.010 per cent sulfur and 3.90 
per cent carbon were obtained with a flux charge of 
4 per cent calcium carbide, 4 per cent limestone, and 
2 per cent fluorspar. This basic iron required less 
than half the magnesium alloy addition usually 
needed for acid cupola iron. From the reduced alloy 
consumption and savings on the base metal charge, 
the basic cupola has shown us potential net savings 
of $10.00 to $12.00 per ton on nodular iron. From 
the economic and metallurgical standpoint the basic 
cupola seems to offer the most definite advantages for 
nodular iron. 

The second iron in Table 6 is a permanent mold 
application in which a very high carbon iron is de- 
sired for heat shock resistance. The basic cupola 
made it possible to obtain 3.80 per cent and higher 
carbons which could not be obtained readily in our 
acid cupola. Furthermore, the use of 30 per cent 
steel scrap substituting for low phosphorus pig iron 
produced a net saving of $4.00 per ton where low 
phosphorus content was desired. 

The third iron for forging dies is another high car- 
bon heat shock application, alloyed with nickel, mo- 
lybdenum, and chromium. In acid melting no more 
than 60 per cent return could ever be used, and then a 
sulfur of about .120 per cent required ladle de- 
sulfurization and carbon content was not as high as 
desired. With the basic cupola it was possible to melt 
100 per cent alloy return (used dies from the cus- 
tomer plus shop return). Sulfur was sufficiently low, 
and carbon content as high as desired. The use of 
this scrap, with no primary alloys required, affected 
a net saving of $18.00 per ton on this particular iron. 

The fourth example in Table 6 is a high nickel 
iron on which a charge of 100 per cent alloy scrap, 
home and purchased, was successfully melted. The 
sulfur was reduced from .120 per cent in the charge to 
a final of .082 per cent and carbon content was high- 
er than can normally be attained. The basic cupola 
has shown possibilities in the more efficient utiliza- 
tion and conservation of critical alloys where alloy 
irons are made. 

The last iron in Table 6 is a low carbon, high 
strength iron with a 48,500 psi tensile from a 2-in. 
bar. The basic cupola seems to offer no particular 
advantage on this type of iron and the low carbon is 
more difficult to obtain because of the increased 
pickup in the basic cupola. However, by reducing the 
flux and producing less basic slags, low carbon irons 
have been produced with fair success in the basic 
cupola. Very low sulfurs are not obtained, but low 
sulfur contents seem to be of less advantage on these 
low carbon irons cast into heavy sections. As far as 
we know all representative compositions of cast iron 
have been melted in a basic cupola, some with more 
ease and some with more difficulty than in an acid 
cupola. 

These examples typify some of the various applica- 
tions on which the cost of basic refractories have been 
more than offset by savings in the charge makeup. On 


Basic CupoLta MELTING 


the other hand, basic operation cannot be justified in 
many applications. Where high phosphorus pig iron 
can be used and a sufficient supply is locally available 
at low cost, and when coke quality is sufficiently good 
to produce no problems in acid melting, the author 
found no advantage in basic melting. On a high sili- 
con, low carbon iron we found the basic cupola at an 
economic disadvantage. The cost of the higher silicon 
loss plus the increased refractory cost was greater than 
savings from the elimination of forehearth desulfuri- 
zation. 


Slag Composition and Appearance 


Since the accomplishments of the basic cupola re- 
sult from slag chemistry, much consideration must be 
given slag composition and its control. 

Slag analyses, which require some experience to run 
accurately, do not have to be made regularly to take 
advantage of basic performance. However, slag com- 
position studies have given direction to much of the 
past research on basic melting and will continue to be 
useful in developing a better understanding and more 
efficient utilization of basic performance, 

Certain general relationships have been found to 
apply with reasonable dependability. Occasional ap- 
parent exceptions remind us of the need for more re- 
search on slag-metal relationships and possibly samp- 
ling and analytical methods. As the slag basicity in- 
creases, the sulfur absorbed in the slag goes up and 
consequently sulfur in the metal goes down. The de- 
sulfurization capacity of the slag increases markedly 
when slag FeO is reduced under 1.0 per cent. Sul- 
fur removal may be increased by melting larger vol- 
umes of slag in contact with the metal.. However, 
equal and better desulfurization has been accom- 
plished with smaller slag volumes of more effective 
composition, accomplished by reduction of iron oxide 
content. 

Table 7 shows some typical slag compositions rep- 
resentative of several degrees of basicity. Until more 
accurate relationships have been determined the au- 

_ CaO + MgO 
thor used the ratio— — 
pression of basicity. Al,O; has not appeared to have 
much effect on desulfurization and has been left out 
of the ratio. While MgO is probably not as effective 
as CaO when MgO is very high, the difference seems 
slight when MgO is the minor basic constituent. 

For a simplified classification we have arbitrarily 
grouped basic slags in three ranges; mild basicity with 
basicity ratios 1.0 to 2.0, moderate or medium basicity 
with ratios 2.0 to 3.0, and high basicity with ratios 
above 3.0. 

Reasonably good slag control can be accomplished 
by observing the color and luster of slag pancake 
samples taken at intervals during operation. Slag 
samples are collected at the author's plant in a shal- 
low metal dish on a handle projected under the con- 
tinuous slag stream. 

The mildly basic slags are generally dull in luster 
and black in color, tending toward brown as basicity 
increases and FeO decreases. Should the FeO go high 
and the basicity ratio drop below 1.0, the black slag 
assumes a glassy luster characteristic of acid slags. 


as a simplified ex- 
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TABLE 7—TypicaL BAsic CUPOLA SLAGS WITH VARYING DEGREES OF BASICITY 











Metal Slag Composition, % Basicity SI 
ag 
Fiux Charge Sulfur, % SiO, Al,O; FeO(2) MnO CaO(3) MgO’ °S Ratio(l1) Appearance 

Mild Basicity 

1. 5% Lst, 1% Sp, Ist Ladle 079 36.5 11.5 13.4 2.6 26.1 5.7 0.04 0.87 Glassy, Black 

2. No Flux 074 37.5 12.8 3.1 1.8 23.2 20.1 0.28 1.15 Resinous, Dark black 
3. 1% Limestone 061 34.3 9.4 1.7 1.7 30.5 22.0 0.39 1.53 Dull, black 

4. 2% Limestone .064 35.1 7.8 2.2 1.7 35.0 16.8 0.46 1.47 Dull, Brownish black 

Medium Basicity 

5. 4% Lst, %% Spar 047 28.6 6.5 1.8 1.2 41.2 19.6 0.56 2.12 Dull, brownish gray 
6. 4% Lst, Hot Blast 450°F .030 26.0 9.2 2.9 0.6 32.5 28.6 1.26 2.35 Dull, dark gray 

7. 1% CaC,, 4% Lst, 1% Sp. .032 25.8 6.5 2.0 0.6 40.3 23.2 3.08 2.46 Dull, brownish gray 

High Basicity 

8. 4% CaC., 4% Lst, 2% Sp. 010 18.8 12.5 0.4 0.6 62.4 9.0 2.50 3.80 Powder, grayish white 
9. 5% CaC,, 5% Lst, 3% Sp. 005 15.8 15.2 0.2 0.1 59.3 86 — 4.29 Powder, grayish white 

100% Scrap Charges with Increasing Basicity 
10. 3% Limestone .069 35.4 10.1 9 1.9 $4.1 16.2 0.46 1.42 Dull, brownish black 
11. 4% Lst, 144% Spar 051 32.4 11.7 iz 0.6 39.0 15.1 0.62 1.67 Dull, medium brown 
12. 6% Lst, 2% Spar 022 30.6 7.8 0.7 0.8 42.3 15.2 0.70 1.88 Dull, light brown 


ae _ CaO+ MgO 
(1) Basicity ratio — sO, 
(2) Total Fe,O0, and FeO determined as FeO. 
(3) Total calcium determined as CaO. 


(4) Total sulfur determined by gravimetric precipitation as BaSQ,. 





With such a slag most of the effects of basic melting 
are lost and a limestone increase is necessary to re- 
store basic behavior. Such a slag is often obtained 
on the first ladle from a fresh coke bed but becomes 
more basic immediately. 

In the medium basicity range the slags are dark 
gray or brownish gray. In the high basicity, low FeO 
ranges the slags become lighter gray to white. In the 
highest CaO/FeO ratios the slags disintegrate upon 
cooling into a white powder. Some calcium carbide 
content may be determined in the analyses and some 
odor of acetylene detected. Slags of such composition 
have been found to contain as much as 1.0 per cent 
to 3.0 per cent sulfur, that has been absorbed from 
the metal. 

In order to insure reaction of slag and metal with 
consistency, slag volume and period of contact require 
some degree of uniformity in basic melting. In front 
slagging, proper dam levels keep the metal level, slag 
level, and period of contact essentially consistent. In 
intermittent tapping it is more important in basic 
melting that some regularity of tapping and “slag- 
ging off” be established. 


General Operation and Control 


Inside the cupola the basic slag is more fluid and 
maintains a clean, open cupola, with brighter tuyeres, 
less bridging, and less frequent troubles resulting from 
poor stack permeability and oxidizing channels. On 
comparable types of charges and coke ratios the. basic 
cupola seems to melt slightly faster and hotter and 
with better thermal consistency. These effects seem 
to result from cleaner, more reactive coke, resulting 
from the ash cleaning ability of the basic slag. Be- 
cause of better combustion, coke reductions can be 
made with resultant increases in output and no sac- 
rifice of temperature, if chemical objectives are not 
defeated. The operating advantages of basic melting 
seem to increase with poorer coke and/or dirtier 
charges. 

With calcium carbide additions to the charge, fur- 





ther increases in basicity, desulfurization, carbon 
pickup, and temperature have been produced. 

The effect of preheated blast is much greater on 
the basic cupola than on the acid furnace. A few 
days operations on 450 F blast, from an adjacent 
cupola, indicated to us that operation was made po- 
tentially more basic and chemically more effective by 
increased blast temperature. 

The highly basic slag chills more abruptly in air 
and generally requires more attention to the slag run- 
off, especially on the smaller cupolas where the vol- 
ume is low. The mildly basic slags are very fluid and 
give practically no elimination trouble. 

From the standpoint of chemical control the basic 
cupola is generally more complex and requires more 
careful supervision. Its complexity increases with 
slag basicity. The problems of sulfur control and 
sufficient Mn/S balance are practically eliminated. 
Where high carbons are desired, carbon control is 
easier; where medium carbons are desired carbon con- 
trol seems potentially equal with sufficient experi- 
ence. On low carbon iron basic control seems more 
difficult. 

Silicon consistency can be made to approach acid 
control, but is inclined to be more difficult to control 
because of the greater loss. Both the use of large pro- 
portions of irregular cast scrap and/or the use of 
much steel scrap with silicon added in concentrated 
form increase the risk of chemical variations irre- 
spective of basicity. A high proportion of pig iron is 
desirable from the control standpoint because of its 
chemical and physical consistency. The author's ex- 
perience has been that most of these irregularities 
from scrap and steel are sufficiently “smoothed out” 
with a receiving ladle of adequate capacity. 

Since iron chemistry in the basic cupola is largely 
dependent on slag chemistry, factors effecting slag 
chemistry require better control. The flux must be 
calculated, weighed, and charged with as much ac- 
curacy as any ingredient. Consistent refractory prac- 
tice, uniform charging, and controlled quantities of 
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Fig. 3—Sketch of basic-lined, water-cooled, hot-blast cupola, first revision. 


dirt and sand on the scrap are necessary for consistent 
slag control, because of their indirect influences on slag 
chemistry. With some experience, flux changes can 
be made to compensate for changes in the physical 
condition and cleanliness of the metal charge. Sand 
on uncleaned foundry return requires additional ba- 
sic flux and can be troublesome in a basic cupola. 

From the standpoint of mechanical properties, tests 
at the author’s plant have shown basic iron to be 
influenced predominantly by the usual relations to 
chemistry, and especially carbon content. Averages of 
routine tests in the author’s plant? have shown basic 
iron always equal and generally slightly better than 
acid iron of comparable chemistry (with the excep- 
tion of sulfur.) Basic irons seem slightly less inclined 
toward chill, causing a tendency for us to average 
lower carbon, higher strength chemistry at equivalent 
chill depths. Some physical superiority seems more 
clearly indicated in small diameter test bars and thin 
sections. Basic melting seems chemically and physic- 
ally more suitable for high carbon iron and thin 
section castings with doubtful advantages on low 
carbon iron and heavy gray iron castings. 


Extent of Basic Cupola Melting in America 

Within the last two or three years over 60 com- 
panies have attempted some basic cupola melting. 
Approximately half of this number have been on a 
temporary trial basis, while the other half are in 
regular production. 

About 15 or 20 basic cupolas are operated pri- 
marily for quality gray iron within controlled strength 
levels. The greater proportion are in the size range 
of 36 to 54-in. I1.D. melting 4 to 10 tons per hour 
with a slag of mild basicity and final sulfurs of .050 
to .090 per cent. Some have used larger proportions 


of steel and scrap. Others have used the basic cu- 
pola for relief from the high sulfurs and casting 
troubles resulting from the necessary recycling of a 
large proportion of shop return. With essentially the 
same charges, sulfurs of .120 to .180 per cent from 
acid melting have been reduced to .050 to .090 per 
cent with basic melting. Coke reductions as high as 
15 per cent have been made with equal temperature, 
and increased output. Most of the basic operators 
experience cleaner cupolas and better thermal con 
sistency. 

Descriptions of American basic refractories and re- 
fractory practices have been contributed by Holt* and 
by Demler.® 

Although some of the above basic furnaces are 
used for occasional nodular heats several basic cu- 
polas are used predominantly for nodular iron. Flinn 
and Kraft® described an operation typical of this 
nodular application. A 32-in. cupola is used, melt- 
ing 314 tons per hour. A charge of 37 per cent steel, 
37 per cent return, and 25 per cent pig iron is 
melted with 16 per cent coke and a flux of 5 per cent 
limestone, 114 per cent carbide and 214 per cent spar. 
The resulting iron of 3.50 to 3.80 per cent carbon and 
018 to .030 per cent sulfur is suitable for nodular 
treatment and requires less magnesium addition. 


Water-Cooled Basic Cupolas 


Levi has reported on an interesting cupola at the 
Radford, Virginia plant of the Lynchburg Foundry 
Company.? This water-cooled, hot-blast cupola with 
a basic slag incorporates several progressive develop- 
ments in cupola operation and construction, and ap- 
plies several of the advantages of basic operation. 

This cupola is water cooled through sixty 214-in. 
vertical pipes in the melting zone and projecting 
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water-cooled copper tuyeres, as shown in Fig. 3. The 
blast is preheated to 900 to 1000 F by means of an 
external oil-fired heater. 

The blast heated to such a temperature makes the 
furnace more powerfully reducing and accentuates the 
reactivity of the basic slag. The reactivity of such a 
highly basic slag produces very high carbons and very 
low sulfurs from charges of 70 per cent steel and 30 
per cent cast scrap with no pig iron er from charges 
of 100 per cent steel scrap. With total flux propor- 
tions varied from 4 per cent to 10 per cent, sulfurs 
within the range of .010 per cent to .060 per cent and 
carbons of 3.70 to 4.30 per cent have been generally 
obtained. Data on a typical heat is given in Table 
8. The tap hole is made from a combination of mag- 
nesite and carbon brick and is capable of lasting for 
several days operation. 

The water cooling has made possible continuous 
operation on this cupola for over 85 hours, and the 
furnace has been banked for as long as 24 hours and 
melting resumed. 

In this plant the basic cupola has been used for 
several of the objectives that have been associated 
with basic operation. In an area where steel and cast 
scrap are generally more available than pig iron, the 
basic cupola can be operated with large proportions 
of steel and cast scrap. For the manufacture of gray 
iron pipe the basic cupola iron is run into a com- 
mon forehearth along with the output of an acid 
cupola, giving an iron mixture lower in sulfur and 
higher in carbon than could be maintained normally 
from two acid cupolas. For some high carbon, low 
silicon gray iron castings the iron is used directly 
from the basic cupola. Some nodular or ductile iron 
is made conveniently by treating the basic iron. These 
activities fill most of the 24-hour day. For the re- 
mainder the basic iron is frequently cast into pigs 
with a casting machine. The cast pigs are used in 
smaller cupolas at an adjacent plant as a substitute 
for low phosphorus pig iron. The basic cupola has 
contributed to the melting flexibility of this plant 


through these several applications. 

At another plant Carrington® has been operating a 
water-cooled basic cupola with the cooling accom- 
plished with external water sprays on the shell. The 
primary objective has been flexibility to maintain 
production of gray iron pipe with available materi- 
als. This plant frequently has not been able to ob- 
tain more than one-fourth to one-half the necessary 
quantity of pig iron needed for a high carbon con- 
tent and a sulfur content below a specified maximum. 
Cold blast is used and a slag of only moderate basi- 
city. The entire production is melted in this one 
basic cupola (one of a pair alternated daily) of 72 
in. 1.D, melting approximately 20 tons per hour, con- 
tinuously tapped with front slagging. 

The basic reactions have enabled this plant to melt 
charges as high as 50 per cent cast scrap and 25 per 
cent steel and produce carbons of 3.50 per cent to 
3.70 per cent and sulfurs of .060 per cent to .090 per 
cent with approximately 10 per cent flux. Routine 
slag samples are observed along with the chill test. 
Rapid analyses of slag sulfurs seem most rapidly in- 
dicative of operating conditions (when coke and 
charge materials are maintained fairly constant). A 
carbon plastic has been used successfully to resist the 
basic slag in the basin, tap hole, and trough. 

Summary 

Experiences at these American plants have indi- 
cated that basic cupolas can be operated satisfactorily 
for foundry production. Several basic refractories and 
methods of application have been successfully used. 
Basic refractory costs may be expected to be almost 
twice as high as acid costs. Further application of 
water cooling might improve the refractory cost. Due 
to some added refractory cost and the increased sili- 
con loss, basic operation cannot be justified where 
sufficient materials of good quality are available to 
melt acid iron with no serious quality problems. 
However, the added basic costs have been easily off- 
set in a number of different applications, either by 
improved metal chemistry or use of cheaper or more 






































Tasie 8—Basic Cupoia Heat No. 10351, From Levi? 
4th-8th Hours of Operation, Inclusive 
Cupola Charge Flux Charge 
BT ED Cuduscwsce ars orceseescewanea cus 1409 Ib NS ae eg eee eek ae aaa 150 Ib 
A 6 cd Babs udkacaasewaenwawaweann 600 Ib A So ala wie ans dae A a lee 10 Ib 
co gt rer re rr rrr 50 Ib | reer) errr rere rer ere rer Tiree 25 Ib 
a eR DS Perrer rr er Trer er eres 1 pe 
*Tron Analysis Cupola Slag, % 

Si S I.€ Temp. F FeO CaO SiO, MgO Al,O, S 
0.82 0.033 4.15 2792 0.37 43.60 27.70 15.12 7.88 1.45 
0.93 0.031 3.88 2827 
1.15 0.032 4.08 2775 
0.95 0.039 3.98 2810 0.35 
1.22 0.035 4.07 2775 
0.98 0.020 4.25 2775 0.35 

a 0.96 0.027 4.14 2792 
1.13 0.028 4.05 2810 0.44 
1.01 0.046 3.89 2792 
0.95 0.029 4.08 2792 0.73 42.00 27.24 11.43 7.44 1.47 
Avg. 1.01 0.032 4.06 2794 0.45 42.80 27.47 13.28 7.66 1.46 
I Ne ca on ckpase tance mata kek wkd 1.14 CT I 5c ihinsiniscecdecenntedanen 1.26 
I ET, 660 9.00-4028 04s dee nore nneeks 11.4 ee , eee eee 2.80 
Re ree eee eer ere 950 F ee Oe 


* Note: Iron samples from cupola spout every 30 minutes. 
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available raw materials. 

With increasing experience chemical control of 
carbon and silicon is becoming almost as good as 
acid practice. Sulfur control is much better. More 
careful supervision is required on flux additions, re- 
fractory practice, and charge condition as they effect 
slag composition. Some attention must be given slag 
composition control and metal-slag contact. 

By control of flux additions and slag condition a 
basic cupola may be operated at any of several levels 
of basicity. A mildly basic slag may be used with less 
complication where the primary objective is simply 
a sulfur content not excessively high for normal gray 
iron. 

Slags of higher basicity may be utilized to obtain 
lower sulfur, higher carbon irons with quality ad- 
vantages for some castings. Another application is the 
use of larger proportions of cast scrap, steel, and/or 
poor coke with economic or availability advantages. 
Basic melted iron proved suitable for nodular iron 
as well as many alloy and special iron applications. 
From an overall conservation viewpoint operation of 
a proportion of basic cupolas along with acid cu- 
polas should enable the foundry industry to better 
utilize our poorer grade materials along with our 
diminishing select materials, to conserve mangan- 
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ese, and to reclaim scarce alloys from scrap. From the 
standpoint of metallurgical quality and flexibility, 
the foundry no longer needs to compromise with 
the traditional chemical limitations of the acid cu- 
pola. By choice of slag composition almost any de- 
sired chemistry can be obtained from a wide variety 
of metal sources. 


Bibliography 


1. Sam F. Carter, “Basic Lined Cupola For Iron Melting,” 
TRANSACTIONS, AMERICAN FOUNDRYMEN’sS SocIETY, vol. 58, pp. 
376-392 (1950). 

2. Sam F. Carter, “Production Experiences with a Basic Cu- 
pola,” TRANSACTIONS, AMERICAN FOUNDRYMEN’S SOCIETY, vol. 60, 
pp. 344-350 (1952). 

3. Sam F, Carter, “Operating a Basic Cupola,” The Foundry, 
May 1952. 

4. John P. Holt, “Basic Cupola Operation,” AMERICAN Founb- 
RYMAN, January 1952. 

5. M. W. Demler, “Refractories for Basic Cupolas,” TRANsAC- 
TIONS, AMERICAN FOUNDRYMEN’s Society, vol. 60, pp. 385-388 
(1952). 

6. R. A. Flinn and R. W. Kraft, “Importance of Slag Control 
in Basic Cupola Operation,” TRANSACTIONS, AMERICAN FOUNDRY- 
MEN’s Society, vol. 59, pp. 323-331 (1951). 

7. Wally Levi, “Melting Iron in a Basic-Lined Water-Cooled 
Cupola,” TRANSACTIONS, AMERICAN FOUNDRYMEN’S SOCIETY, vol. 
60, pp. 740-755 (1952). 

8. Author’s visit and conversation with Frank Carrington, 
Glamorgan Foundry Co., Lynchburg, Va. 








FACTORS WHICH DETERMINE RISER 
ADEQUACY AND FEEDING RANGE 


By 


William S. Pellini* 


ABSTRACT 


of a series of fundamental studies related to solidifi- 
cation of castings and to riser action are summarized and re- 
duced to generalized concepts. It is demonstrated that metal 
and mold factors co-determine the general mechanism of solidi- 
fication and that differences in the conditions of solidification 
at various positions of a given casting or riser relate only to 
rates of solidification; the heat transfer characteristics deter- 
mined by the ratio of volume to surface area establish the spe- 
cific rates at which the solidification process proceeds. Risering 
requirements with respect to adequacy are demonstrated to be 
primarily determined by the solidification time of the casting, 
while the requirements with respect to feeding range are shown 
to be determinéd by the geometry characteristics of the casting. 
Quantitative data of riser feeding distances for steel castings of 
various simple shapes are presented. 


Results 


Introduction 


Foundrymen have considered the advancement of 
the “art” of risering to a science as a highly desir- 
able goal, the probability of its ultimate accomplish- 
ment is viewed, however, with considerable skepti- 
cism. Such a pessimistic view of the complexity of 
the risering problem was well founded as long as the 
true nature of the solidification of castings remained 
virtually unknown. In view of advancements which 
have been made in the knowledge of solidification 
such pessimism is no longer warranted. 

It is not to be implied that risering can, as of now, 
be based entirely on scientific principles, but that 
basic information is available and it is only a question 
of time and rate of research effort before the goal is 
reached, In fact, significant developments have already 
been made and utilized on production scale.}:?:3.+,56 

These developments relate to the use of calcula- 
tion methods for determining the proper size and 
spacing of risers for castings of moderately complex 
shapes. Caine* reported to the Brussels International 
Conference on the use of methods which he evolved 
for riser dimensioning and reviewed the advance- 
ments in the development of scientific procedures for 
spacing. 

It is most essential for a proper approach to riser- 
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Research Laboratory, Washington, D. C. 
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ing problems that it be recognized that risers per- 
form two distinct functions. Risers serve not only to 
furnish the liquid metal necessary to compensate for 
the liquid to solid shrinkage but also in a limited de- 
gree to promote proper patterns of directional solidi- 
fication. 

Riser size is related to the first function while riser 
positioning, in certain cases, is related primarily to 
the second. If the riser size is inadequate, gross shrink- 
age will extend into the casting proper (under-riser 
shrinkage); excessive spacing distances will result in 
dispersed shrinkage (centerline shrinkage). Failure 
to recognize the two basic functions of risers and 
their relation to shrinkage defects has confused the 
problem of risering and exaggerated its complexity. 

The requirements of riser size and spacing are 
basically related to the conditions of solidification. It 
is essential, therefore, that the solidification character- 
istics of castings and risers be understood, i.e., the 
development of a broad knowledge of solidification 
must necessarily precede the development of truly 
scientific procedures for risering. The development 
of empirical rules for riser sufficiency and spacing does 
not eliminate this need, inasmuch as it is itnpossible 
to cover all types of castings by such rules. 

The development of rules for simple and moder- 
ately complex shapes and the determination of the 
c nditions of solidification can serve as basic guides 
for resolving more complex risering problems. This 
process is in keeping with the established method of 
approach to complex technological problems; i.e., de- 
velopment of detailed knowledge of simple cases plus 
basic concepts which provide a rational basis for ex- 
tension to more complex cases. 

It is the purpose of this paper to present an analysis 
of the relationship of solidification factors to risering 
requirements, based on newly developed information 
relative to solidification and feeding characteristics 
of various casting shapes. It is hoped that the gener- 
alized concepts which are evolved will serve to advance 
further the progress of scientific risering. 


Solidification Factors Related to Risering 


Process of Wall Growth—The solidification factors 
of primary importance to risering are the characteris- 
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tics of the growth of a solid skin from the various 
mold walls of the casting and of the riser. It will be 
shown in the discussions to follow that the process of 
wall growth occurs by the same mechanism at all posi- 
tions of a given casting or riser; the only differences 
are in the rates of growth as determined by the heat 
flow conditions of the various component sections. 
The process of wall growth differs, however, with the 
type of metal cast and the thermal characteristics of 
the mold wall. These differences are important to the 
problem of risering the various metals. 


Solidification of Steel 


The case of solidification of steel will be considered 
in detail in this report in keeping with the emphasis 
on the risering of steel castings. The basic concepts 
of riser action, however, are generally applicable with 
due consideration of the solidification features of the 
metal concerned. For a general discussion of the 
solidification features of the various metals attention 
is directed to references (7) (8) (9). 

The most basic aspect of the solidification process 
is provided by phase diagrams which relate the physi- 
cal state (liquid, solid or intermixed liquid-solid 
phases) to temperature. These diagrams show that 
alloys solidify gradually over a range of temperatures. 
Steels of 0.25-0.30 per cent C, for example, start to 
solidify at approximately 2760 F (liquidus) and com- 
plete freezing at approximately 2680 F (solidus). At 
temperatures between the liquidus and solidus the 
metal is a mixture of both liquid and solid; the per- 
centage of each phase at any particular temperature 
may be determined by application of the lever arm 
principle. 

However, the constitution diagram is not, in itself, 
sufficient to define the mode of wall growth during 
solidification. Another basic factor which must be 
considered is the thermal gradient conditions which 
exist during the solidification period. In other words, 
the constitution diagram defines the phase conditions 
which exist at any given temperature, and the dis- 
tribution of temperatures in the casting at any 
given time defines the distribution of phases at various 
points in the casting. During the process of wail 
growth of a steel casting there will exist: 1) a com- 
pletely liquid zone, 2) a mushy zone of intermixed 
liquid and solid and 3) a completely solid zone. De- 
pending on the interval of the solidification period all 
three zones may exist concurrently at various posi- 
tions in the casting. 

The process by which the nature of solidification is 
determined by dual consideration of the constitution 
diagram and temperature gradients is known as ther- 
mal analysis. The procedure entails inserting thermo- 
couples at suitable locations in the castings to deter- 
mine the thermal gradients. The thermal cycles of 
the thermocouples located at thermal centerpoints 
(last point to freeze) indicate the liquidus (hold) 
and solidus (inflection of the inverse rate cooling 
plot) points which establish the temperatures of the 
start and end of freezing. The thermal-time records 
accordingly provide the information required to de- 
duce the solidification conditions which exist during 
the entire period of solidification. 


It is important to recognize that the thermal gradi- 
ent conditions which are developed within the casting 
during solidification are determined mutually by the 
thermal characteristics of the metal and of the mold. 
Thus, a change in the thermal characteristics of the 
mold material may alter the nature of solidification 
of a given metal, inasmuch as the temperature gradi- 
ents in the casting are affected thereby. The basic 
laws of heat flow dictate that in a steel-sand mold 
system, relatively mild gradients should be developed 
in the steel and steep gradients in the sand. This fol- 
lows from the fact that heat flow across the casting is 
considerably faster (high conductivity) than into the 
sand (low conductivity). 

Figure | (top) illustrates the gradient conditions 
which should be expected by analysis of the heat 
transfer conditions. The figure also illustrates modifi- 
cations in the thermal gradients which result from the 
exothermic liquid to solid phase change involved in 
the solidification process. While the temperature at 
all positions in the casting may gravitate to the level 
of the liquidus at relatively early time, further drop 
is prevented until a “wave’’ of initial freezing reaches 
the position in question. 

Figure 1 (bottom) illustrates schematically that a 
position such as “C” drops to the liquidus tempera- 
ture and thereafter remains at this temperature until 
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Fig. 1—Thermal and physical features of wall growth. 
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Fig. 2—Wall growth solidifica- 
tion curves for 0.30 per cent C 
steel as determined by thermal 
analysis. 
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the contiguous position “B’ begins to develop solid. 
Obviously, position “C” cannot drop in temperature 
until a gradient required for heat flow is established 
between “C” and “B” and such a gradient is not pos- 
sible until solid begins to form at “B.’’ The process 
of wall growth is recognized from this illustration as 
the gradual movement of a mushy zone (center figure) 
from the mold wall to the thermal center of the sec- 
tion; during this time the central regions of the sec- 
tion remain isothermal at the liquidus temperature 
(liquidus hold). 

For a given metal the width of the mushy zone is 
determined by the thermal gradient conditions which 
result from the mutual heat transfer relationships of 
the metal and mold, as described. The process of wall 
growth may also be represented graphically by a time- 
distance plot of the movement of two waves of freez- 
ing, i.e., a wave of initial freezing and a wave of final 
freezing, as represented by the movement of points 
“A” and “B” from the mold wall to the center of the 
section during solidification. 

Figure 2 presents detailed thermal analysis data® 
for the solidification of sand-cast commercial steel of 
0.25-0.30 per cent C. A schematic representation of 
the wall growth process is provided as an aid to the 
interpretation of the thermal data and to the visuali- 
zation of the graphical method of plotting wall growth 
solidification curves. The data presented are specific 
to the wall growth from the lateral walls of a 20 x 7 
x 7-in. bar, poured at 2900 F in a green sand mold. 
Except for a change in the distance and time scale 
and for differences in rates due to casting geometry 
factors, the mechanism defined is characteristic of the 
solidification of this steel at any sand wall position of 
a casting or riser. In other words, solidification pro- 
ceeds in the described fashion (same mechanism) but 
at different rates depending on factors to be discussed. 

The thermal gradient conditions shown in Fig. 2 
indicate that immediately following pouring thermal 
gradients are established in the liquid metal which 
adjoins the mold wall. The gradients move inward 
toward the thermal center of the casting (geometric 
centerline or center plane for simple castings of this 
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type) and the superheat present in the metal is grad- 
ually removed. It is observed also that the thermal 
gradients through the solidifying steel are relatively 
mild, i.e., temperatures near the surface are only mod- 
erately lower than temperatures at the center. During 
most of the course of solidification the maximum dif- 
ference between the center and surface temperatures 
does not greatly exceed the freezing range of the 
metal. 

The relative mildness of the thermal gradients 
which transverse the casting result in wide regions of 
“mushy” solid and liquid structures, as required by 
the phase diagram for positions at temperatures be- 
tween the liquidus and solidus levels. The isothermal! 
“hold” at the liquidus temperature is observed for 
portions of the casting from approximately 3 to 23 
min. 

For example, while superheat is eliminated from 
the center of the casting 3 min after pouring with a 
resultant fall to liquidus temperatures, a further drop 
in temperature requires a delay of approximately 20 
min which represents the time required for the move- 
ment of the wave of initial freezing to the center, The 
progression of the initial wave of freezing to the cen- 
ter of the casting section is plotted as the “start of 
freeze” curve on the solidification diagram. After the 
wave of initial freezing reaches the center the process 
of solidification consists of growth of the dendrite 
structure throughout the major portion the casting 
section with the rate of growth being more rapid at 
positions near the surface. 

The movement of the final wave of freezing, plotted 
as the “end of freeze’ curve, initiates at the surface 
after approximately 10 min and is completed at the 
center at approximately 45 min, the time of final 
solidification of the casting. It is observed that the 
wall growth process is symmetrical with respect to the 
opposite casting surfaces, this is always the case for 
sections of uniform thickness irrespective of casting 
orientation (vertical or horizontal). 

Figure 3 presents a radiograph of a ly-in. thick, 
longitudinal section from a casting which was pressure 
bled with nitrogen gas at the time that the solidifica- 
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Fig. 3—Radiograph of a Y6-in. thick section cut from a 
20 x 7 x 7 in., 0.30 per cent C steel casting pressure bled 
at 30 min. The dendrite plus liquid structures in the 
center regions and the completely solid skin of 1 in. thick- 
ness evidence conformance to the predictions of the 
solidification curves of Fig. 2. 


tion curves indicated a ]-in. thick completely solid 
skin. The interdendritic liquid which existed at the 
time was expelled leaving behind an interlaced den- 
drite structure. Experiments of this type served to es- 
tablish the validity of the solidification curves which 
provide the basic data of this report. 

Rates of Wall Growth—Directional solidification re- 
sults from variations in rates of wall growth at various 
casting positions. Figure 4 illustrates the nature of 
the directional solidification process for the case of a 
long 4 x 4-in. bar, as deduced from wall growth rates 


at various lateral positions along the length of the 
bar. It is observed that positions near the end of the 
bar develop the most rapid rates of wall growth 
(curve “l’’) and consequently solidification to the cen- 
terline is completed relatively early. The early solidi- 
fication of casting end positions must be ascribed to 
the relatively small ratio of casting volume of heat 
eytracting sand area (V/SA) which characterizes the 
casting end. Intermediate positions which are not in- 
fluenced by the casting end (or the riser) develop 
slower rates of wall growth and accordingly solidify 
completely at a later time. 

The term “semi-infinite” is applied to such regions 
to indicate that heat flow occurs only in a lateral di- 
rection (no end effects). Wall growth therefore pro- 
ceeds at equal rates at all positions within this region 
as is indicated by curve “4’”’ which is common to all 
positions within this region. Positions near the riser 
solidify at a slower rate than in the semi-infinite re- 
gion due to the combined effects of heat flow from the 
riser and slower rate of heat transfer due to the hot 
sand “pad” developed at the re-entrant corner of the 
riser-casting junction. Accordingly, the “effective”’ 
V/SA ratio of near-riser positions is greater than indi- 
cated by the geometric V/SA ratio. It will be shown 
in the discussions to follow that increasing the length 
of the bar, or any other section of uniform thickness, 
results only in increasing the length of the semi- 
infinite zone. This fact is of basic importance to ris- 
ering problems from two aspects: 

1. The semi-infinite zone represents a region over 
which solidification is not directional. 

2. Solidification time is not increased by increas- 
ing the length above the minimum required to de- 
velop the semi-infinite zone (length greater than ap- 
proximately 3* times the thickness for bars and 
plates). 

The semi-infinite zone concept applies only to 
shapes such as bars, cylinders, plates, etc., having one 
or two dimensions which from a thermal or solidifica- 
tion viewpoint may be considered infinite. For ex- 





*Note: Assuming a riser is located at one end of the section. 
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Fig. 4—lIllustrating that direc- 
tional solidification results from 
variations in rates of wall 
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Fig. 5—Geometric V/SA relationships for various sim- 
ple shapes. 


ample, increasing the length of a bar above the 3T 
minimum required to develop a semi-infinite condi- 
tion does not further affect the V/SA ratio inasmuch 
as the limiting V/SA ratio is developed when heat 
transfer occurs solely through the four side surfaces. 
Similarly, for the case of the plate the limiting V/SA 
condition is developed when heat transfer occurs 
solely through the two side surfaces. Obviously, for 
the case of cube or spherical shapes all possible dimen- 
sions are fixed geometrically and there are no semi- 
infinite positions; for such shapes the V/SA ratio is 
invariant. 

The limiting V/SA characteristics of the various 
geometrical shapes determine the minimum rates of 
wall growth and accordingly the limiting time of 
solidification. Figure 5 illustrates the wide variations 
in the geometric V/SA ratios of various shapes. The 
smallest ratio of volume to surface area possible is 
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obtained with a spherical shape while the largest is 
obtained with a plate shape of semi-infinite (limiting) 
characteristics. For example, a plate of thickness T 
having the samé surface as a sphere has a volume 
three times as large as the sphere. 


TABLE 1—DIMENSIONS OF VARIOUS SHAPES HAVING 
EQuaL V/SA Ratios 








Sphere Cylinder Bar Plate 
Diameter, Diameter, Thickness, Thickness, 

V/SA in. in. in. in. 
l 6 4 + 2 

2 12 8 8 4 

3 18 12 12 6 

4 24 16 16 8 

5 30 20 20 10 
Formula ap inn 
for V/SA D/6 Ls J t 
4 4 2 


Calculation 





Table 1 presents the dimensions of various simple 
shapes having equal V/SA ratios. Thermal analysis 
“end of freeze” curves for various 4 in. thick casting 
shapes of widely different volume to surface area 
ratios are presented in Fig. 6. It is observed that the 
ratio of volume to surface area determines the solidi- 
fication time. As indicated previously the length of 
the casting affects solidification time only if the 
lengths are less than the maximum required to de- 
velop a “semi-infinite” zone. It may be deduced that 
as the length of the 4-in. plate shown is decreased to 
less than 12 in. (same width) a bar shape is ap- 
proached with the result that the V/SA ratio ap- 
proaches unity and the solidification time is reduced 
from 50 to 17 min (time for 4 x 4-in. bar) . Decreasing 
the length of the 4 x 4-in. bar causes an approach to a 
cube shape with a V/SA ratio of 0.67 and a solidifica- 
tion time of approximately 7 min. 

According to Chworinov’® the relative solidification 
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times of castings are in relation to the squares of the 
geometric V/SA ratios, i.e. 
Solidification time of A = (V/SA)? of A 
Solidification time of B (V/SA)? of B 


Using this formula the relative solidification times of 
the shapes shown in Fig. 5 would therefore be as indi- 
cated in the last column of the figure. The validity of 
Chworinov’s concept, as well as its significance and 
limitations, have been the subject of considerable con- 
tention. 

The data presented in Fig. 6 are representative of 
results which have been obtained in the course of ex- 
tensive investigations of the validity of the (V/SA)* 
relationship. These studies have shown that the 
(V/SA)? relation is essentially correct for different 
thicknesses of the same shape (plate, cylinder, bar, 
etc.).. When a change of shape is involved (for ex- 
ample, calculation of the solidification time of a plate 
from the known solidification time of a cylindrical 
shape) corrections are required. 

Briefly, for the same geometric V/SA ratio, 
“chunky” shapes such as spheres or cubes solidify at 
a later time than the “less chunky” bar and cylindri- 
cal shapes, and these in turn solidify at a later time 
than the “rangy” plate shapes. The differences due to 
effects of shape per se have been established sufficiently 
to permit practical allowances in the V/SA calcula- 
tion. The cause of “shape effects’ is inherent to the 
relative amount of specific heat which must be re- 
moved from near surface positions prior to completion 
of solidification at the center of the section. For a 
given V/SA ratio, chunky shapes present a longer sur- 
face to center distance (for example V/SA = 2 repre- 
sents a 4 in. thick plate and a 12 in. diameter sphere) 
than rangy shapes, hence must develop lower surface 
temperatures at the time that the center reaches the 
solidus temperature. 

The additional specific heat which is removed from 
near-surface positions during the solidification inter- 
val results in a delay in the time of final solidification 
at the center of the section. It has been determined 
that variations of superheat level also cause significant 
deviations from the solidification times indicated by 
V/SA relationships. For example, plates develop a 
delay in the time of final solidification which approxi- 
mates +25%/100 F superheat while bar and cylindri- 
cal shapes develop a delay which approximately 
+10%/100 F superheat. 

It has been concluded as the result of these various 
investigations that at the present state of knowledge it 
is possible to adjust V/SA relationships to permit 
calculation of relative solidification times at various 
forms of simple and moderately complex shapes with 
an accuracy of approximately +15 per cent. Further 
research is required to establish correct methods of 
calculation for the case of complex castings which in- 
volve heat exchange between sections. 

Application to Riser Dimensioning—The importance 
of the V/SA concept to the problem of riser dimen- 
sioning cannot be overemphasized inasmuch as the 
V/SA approach represents the only feasible method 
of developing scientific riser dimensioning procedures. 
The fundamental research which has been performed 





by mathematical, electrical analogue’-!2 and thermal 
analysis methods to establish the significance of V/SA 
relationships should be recognized as the great prac- 
tical value. Two general procedures have been 
adopted in the various approaches to the use of V/SA 
relationships: 

1. Direct use of V/SA calculations on the assump- 
tion that the ratios of relative solidification times are 
the same as the geometric V/SA ratios. 

2. Indirect use of V/SA calculations based on em- 
pirical relationships of shrinkage and soundness lim- 
its. 

The direct V/SA calculation methods were based 
on assumptions which have either been shown to be 
incorrect or not yet proven to be correct. For ex- 
ample, several methods which have been proposed 
are based on the incorrect assumption that the rela- 
tive solidification times are in same ratio as the V/SA 
ratio rather than in the ratio of (V/SA)?. 

Caine’s method? based on indirect use of V/SA cal- 
culations recognized the limitations of V/SA con- 
cepts at the time of its development. According to 
his method the V/SA ratio of the casting is related 
to a required V/SA ratio of the riser by means of 
charts which indicate empirical shrinkage and sound- 
ness limits for various types of castings and meth- 
ods of risering. Caine’s method, while basically semi- 
empirical in nature, is technically sound and _pro- 
vides for a gradual transition to more direct calcula- 
tion as the background knowledge is expanded by 
continuing research. 

Basic Feature of V/SA Calculation 

The basic feature of the V/SA calculation method 
as applied to risering is illustrated by the upper por- 
tion of Fig. 6. The theoretical “riser” sizes indicated 
for the various shapes represent the diameters of long 
cylinders which match the solidification times of the 
castings. Except for the use of strong exothermic 
liquidizers it would not be possible to use cylindrical 
risers of Jess than the indicated diameter for risering 
the various shapes, since the solidification time of 
the long cylinder is the minimum required to match 
the solidification time of the casting and also the 
maximum for the diameter in question. The diam- 
eter of practical cylindrical risers for these shapes 
must be approximately 25-50 per cent greater due to 
several factors, the effects of which have not as yet 
been established quantitatively. These are: 

1. In practice the risers are used as short cylinders 
which have a numerically smaller V/SA ratio (end 
effects not completely eliminated) as compared to a 
long cylinder (V/SA = D/4). 

2. Near riser positions in the casting solidify at 
later times than determined by geometric V/SA fac- 
tors because of the heating effect of riser and of the 
hot spot condition created by the “L” and “T”’ type 
section formed at the point of junction of riser and 
casting. 

3. The drop in liquid level which occurs during 
feeding of the casting generates a concentric ring of 
solid metal at the riser surface which continues to 
remove and dissipate heat to the surrounding sand 
and accordingly lowers the effective V/SA of the 
riser at intermediate and late stages of solidification. 
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Fig. 7—Illustrating the appli- 
cation of V/SA concepts to the 
risering of a plate casting. 
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In addition, it is recognized that at late stages of 
solidification the riser must remain sufficiently open 
to transport feed metal with ease. A riser which is in 
late stages of solidification at the same time as the 
casting cannot accomplish this purpose effectively in- 
asmuch as the passage of the small amount of avail- 
able feed metal is highly restricted by the narrow 
feed channels then available. 

Figure 7 provides data of the solidification char- 
acteristics of a 4-in. thick plate as compared to vari- 
ous long cylinder and riser shapes. The solidification 
times indicated for the 1D, 114D and 2D high risers 
were calculated on a basis of the geometric V/SA 
ratios (V/SA = D/5, D/4.66 and D/4.5, respectively, 
as compared to D/4 for a long cylinder) on the as- 
sumption that the heat loss rate of the top face is the 
same as that of the riser sides and that no heat loss 
occurs at the contact face. The calculations were 
based on the Chworinov relationship, for example: 

Known: The solidification time of a long 8-in. 

diam cylinder is 55 min (thermal analysis 
data). 

Calculate: The solidification time of a 114D high, 

10-in. diam riser. 


Riser V = D = 10 = 2.14 
SA 1.66 1.66 
Long Cylinder V = D = 8 = 2 
SA 4 4 
Solidification time Riser 
Solidification time Long 8-in. Cyl. 
(V/SA)*? Riser 
(V/SA)? Long 8-in. Cyl. 


Solidification time Riser (2.14)? 

BS ice (2)? 
last . (2.14)? 55 ‘ ’ 
Solidification time Riser — = 63 min 





The calculation is simple and would yield accur- 
ate information if the riser heat loss conditions were 
as assumed. Obviously, the difficulty in using this 
method lies in the presently unknown corrections 
which should be applied to the geometric V/SA ratio 
of the riser so as to establish an “effective” V/SA 
ratio. Research effort at present is directed toward 
establishing the relationship between geometric and 
“effective” V/SA ratios of various riser types when 
used on castings of “chunky,” “intermediate” and 
“rangy” characteristics. It is interesting to note that 
10-in. diam 114D high risers (see Fig. 7 relationships) 
are of minimum adequacy for 4-in. thick plates when 
used with conventional risering compound covering, 
indicating a near agreement with the geometric re- 
lationships. 

The foregoing discussions have been presented to 
illustrate the general approach which is required for 
evolution of methods for the scientific proportioning 
of risers and also to emphasize the limitations ol 
basic knowledge which must be surmounted to fully 
achieve the goal. The problem of “effective” V/SA 
ratio as contrasted to geometric V/SA ratios is also 
inherent to the casting. Inasmuch as complex castings 
actually represent combinations of simple shapes, in- 
formation is required as to the intereffects of simple 
shapes joined in various combinations. For example, 
information that “L” joints of plate sections solidify 
at 1.3t (t = time of flat plate) and “T” joints at 1.5t 
provide a means of adjusting the known time of 
solidification of a flat plate to that of the joint. 

If the casting is composed of thick sections joined 
to thinner sections, it is necessary to know the effect 
of the thin sections on the solidification time of the 
heavy section which serves as the riser position. Re 
cent work has shown that for cases of large differences 
in section size the heavy section may be considered, 
for practical purposes, as an entirely separate body. 
For the case of cores having a diameter of less than 
one-half the section thickness the core surface area 
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may be discounted in the V/SA calculation; for the 
case of cores having a diameter greater than twice 
the section thickness the V/SA relation is approxi- 
mately the same as that of a plate of equal thickness. 
Sections of complex castings which exceed semi-in- 
finite lengths are readily calculated as independent 
sections of V/SA ratio typical of the shape (bar, cyl- 
inder, plate). 

Riser positioning does not ordinarily present a dif- 
ficult problem if the casting is composed of obvious 
“chunky” sections joined to rangy sections. In such 
cases the position and number of risers is determined 
by the distribution of the individual “chunky” re- 
gions. However, if the casting is of uniform or nearly 
uniform geometry, it is necessary to know the dis- 
tance which individual risers will feed to soundness 
before the position and number of risers can be estab- 
lished. The following sections of the report present 
a summary of the feeding distance relationships which 
have been determined for single and combinations of 
uniform sections. The solidification and feed metal 
flow conditions which determine the development of 
soundness or of shrinkage are discussed in detail for 
the purpose of presenting a comprehensive analysis 
of the feeding problem. 


Characteristics of Feed Metal Flow 


The development of soundness, gross shrinkage or 
centerline shrinkage in a casting is determined by 
the nature of the channels available for the move- 
ment of feed metal. Analysis of the characteristics of 
feed metal channels requires consideration of the as- 
pects. of wall growth and also of the aspects of direc- 
tional solidification. As described previously the wall 
growth of steel in sand molds results in the develop- 
ment of a mushy condition of interlaced solid and 
liquid; accordingly, feed metal must flow through 
complex interdendritic paths (microfeatures of feed 
metal flow). The direction of the flow must neces- 
sarily be such as to compensate for liquid-solid shrink- 
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Fig. 8—Micro-features of feed metal channels related to 
the nature of solidification as determined by the phase 
diagram. 


age at positions of more rapid solidification, i.e., feed 
metal must flow from positions which solidify slowly 
to faster solidifying positions (macro features of feed 
metal flow). 

Figure 8 illustrates the changing nature of the in- 
terlaced solid-liquid structure (microfeatures) as wall 
growth approaches completion at any given position. 
The conditions at the thermal center of the section 
illustrate the gradual constriction and ultimate stop- 
page of feed metal flow through the last available 
interdendritic channels. As dictated by the phase dia- 
gram a decrease in temperature is accompanied by 
growth of the dendritic structures, narrowing of the 
liquid metal regions and concomittant changes in 
composition such that the composition of the den- 
drites approaches the average composition of the 
metal while the remaining liquid becomes enriched 
in the solute elements (C, Si, etc.). 

The decreased solidification temperature resulting 
from the segregation process is fundamentally respon- 
sible for permitting flow of feed metal to the lowest 
temperatures in the solidification range, i.e., to com- 
plete soundness. It is obvious that flow of liquid of 
composition of lower carbon content than called for 
by the temperature then existing at the location in 
question should result in the rejection of a large 
quantity of solid with consequent plugging of the 
channel. Such effects have been noted at points of 
large change in section, ie., a tendency to plug a 
feeding channel as higher temperature liquid is 
drawn rapidly into narrow feed channels. 

The conditions of directional solidification deter- 
mine the gross “taper” features of the channels and 
accordingly the direction of liquid flow. Figure 9 
illustrates schematically how the wall growth solidi- 
fication rates at various points in a section establish 
the gross nature of the solidification channels and 
accordingly permit feed metal flow to soundness or 
prevent such flow with resulting development of 
shrinkage. Channels with open taper toward the 
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Fig. 10—Mechanism of the development of centerline 
and gross shrinkage. 


main feed supply develop complete soundness, chan- 
nels without taper develop centerline shrinkage, and 
channels with closed taper toward the main feed sup- 
ply result in gross shrinkage pockets. The term “main 
feed supply” is used to indicate that the concepts 
apply to the case of large sections acting as feeders to 
smaller sections as well as to risers, 

The mechanism by which centerline and gross 
shrinkage develop is indicated by Fig. 10. Parallel 
wall channels are capable of feeding during most of 
the solidification period inasmuch as the feed metal 
moves inward as the result of hydrostatic and capil- 
lary forces to fill the voids left by liquid-solid shrink- 
age. However, at the last stage of solidification the 
interdendritic channels become highly obstructed and 
passage of feed metal from the riser through long ex- 
panses of such channels is not possible. As the re- 
sult, the small pools of interdendritic liquid at the 
centerline are drained to feed contiguous lateral re- 
gions. The drained regions along the centerline can- 
not be refilled and hence remain as small shrinkage 
pockets in a dispersed line-like arrangement. Figure 
11 illustrates typical dendritic outlines of centerline 
shrinkage regions developed in thick sections (3-4-in. 
bar and plates); in thinner sections the size of the 
voids decreases and the dispersion increases. 

Gross shrinkage is developed in the case of chan- 
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Fig. 12—-Feed metal channels in plate and bar castings of 
uniform thickness. 


nels with closed taper toward the main feed source 
inasmuch as feed metal flow is cut off at relatively 
early stages of solidification. Therefore, the natural 
thermal center-spot of an isolated region must pro- 
vide feed metal for most of the total solidification 
time. 

The size of the gross shrinkage cavity is determined 
by the amount of liquid lost by the thermal center 
zone prior to the time that the mushy metal becomes 
coherent, i.e., before a sufficiently high proportion of 
solid (approx, 60 per cent for steel) is developed to 
prevent further settling. Thereafter, further loss of 
feed metal occurs by out-flow from the coherent mass 
resulting in a general “sponginess”; however, the 
gross size of the cavity is not enlarged further. This 
analysis also indicates that the general outline of the 
shrinkage pipe in risers represents the wall thickness 
of the solid layer plus the coherent mushy layer ex- 
isting at the time that the level of liquid and associ- 
ated non-coherent mushy metal fell below the various 
vertical positions. The lowest position of the riser 
pipe represents the point reached at the time the 





Fig. 11—Enlarged radiograph of centerline shrinkage. 
The dendrite structure is developed as the result of in- 


adequate feeding at the final stage of solidification; see 
Fig. 10. 
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Fig. 13—Plate casting systems. 


centerline of the riser developed coherency. 

Figure 12 illustrates the feed metal channel condi- 
tions in bars and plates, fed by single or multiple 
risers, which lead to soundness or shrinkage. This 
simplified illustration is basic to the considerations 
of feeding distance conditions to be discussed. 


Resume of Feeding Distance Studies 


Plate and Bar Castings of Uniform Section-—Plate 
and bar castings of a variety of systems, shown in 
Figs. 13 and 14, were cast in various thicknesses and 
lengths to determine the distances which could be 
made sound and the location and extent of shrink- 
age, when developed. The studies !*-14.15.16 were made 
with induction melted steel of 0.25/0.30 per cent C, 
0.50/0.80 per cent Mn, 0.35/0.50 per cent Si, deoxi- 
dized by the addition of 0.10 per cent aluminum to 
the ladle and poured at 2900 + 25 F. In all cases 
risers were of sufficient size to eliminate under-riser 
shrinkage. The molds were made of synthetic silica 
sands of AFS No. 80 grain size, bonded with 3 per 
cent bentonite and containing 3 per cent water. Sev- 
eral series of castings of each thickness were made 
with l-in. variations in length. The castings were 
sectioned to renove 1]-in. thick longitudinal strips and 
radiographed at 114 per cent sensitivity to determine 
the presence of shrinkage. It is evident that this rep- 
resents a near ultimate test for solidity inasmuch as 
it reveals the presence of single voids as small as 
0.015 in, and also of smaller voids if aligned to pro- 
duce an equivalent effect. 

The maximum distances which could be made com- 
pletely sound are indicated by the formula and 
graphic relationships shown in Figs. 15 and 16. As 
the castings are made longer than the maximum dis- 
tances, centerline shrinkage develops at the positions 
indicated. Castings with ends (single riser systems) 
always developed a sound end zone resulting from 
casting edge gradients; Figure 17 presents a typical 
radiograph of such a casting. The length of this zone 
may be regarded as the contribution of the casting 
edge to the feeding distance while the difference be- 











O 
EIN AN 























a ol> i 


¥ 
Yn 
+ 

“4 LJ 
a | 2: 
C4 7 | 

’ Mead 
H ‘ 


Fig. 14—Bar casting systems used for sand and chill 
stuclies and plate systems used for chill studies. 
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tween this distance and the maximum distance which 
may be fed to soundness may be regarded as the 
riser contribution. In cases where casting ends are 
absent (dual riser systems) the maximum feeding dis- 
tance is simply the sum of the contributions of the 
two individual risers. 

It was also established that the feeding distance 
provided by risers, as measured on the basis of the 
maximum length which can be made completely 
sound, is not maintained if the length is sufficient to 
develop centerline shrinkage. Under such conditions 
shrinkage, particularly in plates, often tended to ex- 
tend to positions closer to the riser. The variable 
riser feeding distance contribution obtained under 
these conditions is indicated by the dashed areas in 
Figs. 15 and 16. 

The use of a less conservative criteria of solidity to 
establish the feeding distances, such as, 4 to 5 per 
cent sensitivity, indicates a marked increase in feed- 
ing distance to 8-10T as against 414T for 2-in, thick 
sections; however, a barely significant increase is ob- 
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Fig. 15—Feeding relationhips for plates. 
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Fig. 16—Feeding relationships 
for bars. 
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tained for the case of thicker sections. This is under- 
standable from consideration of the relative lateral 
distance of the solidification regions which contribute 
to centerline formation of thick and thin sections 
(see Fig. 10). In the case of thin sections a relatively 
narrow “drain” region is operative so that the small 
voids which result are barely measurable at 114 per 
cent sensitivity. In the case of the thick sections the 
relatively broad “drain” region results in the forma- 
tion of relatively large voids observable at 4 to 5 per 
cent sensitivity, as the initial condition. 

It is apparent that the feeding distances promoted 
by risers per se are disappointingly short. Without 
directional solidification aids such as padding, cast- 
ing edges, etc., risers cannot be expected to serve as 
efficient means of promoting feeding to soundness. 

Effects of Position, Risering and Gating Variables- 
Variations of casting position from horizontal to ver- 
tical, as shown in Fig. 13, were determined to have 
no effect on feeding relationships except in very heavy 
sections as typified by 8-in. bars. In the case of the 
8-in. bar an increase of approximately 4 in. in maxi- 
mum feeding distance was noted for the vertical posi- 
tion (no difference for 6-in.. bar). This effect was 
determined by thermal analysis studies to be related 
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to the development of convection currents which 
produce a significant delay in the solidification of 
the riser and near riser positions of the vertical cast- 
ing, thus promoting more extensive directional soli- 
dification in slowly solidifying heavy sections. 

Accordingly, it is indicated that the popular prac- 
tice of using extra-high risers to develop higher static 
pressures with the aim of increasing the feeding effi- 
ciency of the riser actually is ineffective. This con- 
clusion is not surprising in view of the advance solidi- 
fication conditions which have been shown to exist 
in the casting and riser at the time such feeding must 
be effective. The small increased feeding distance 
obtained in the case of heavy vertical castings repre- 
sents a thermal rather than a ferrostatic pressure 
effect. 

Increasing riser diameters greatly above the mini- 
mum required to eliminate under-riser shrinkage was 
found to have no effect on feeding distance for hori- 
zontal castings. Variations of riser size up to 7 times 
the volume of a sufficient riser of minimum size were 
investigated. A small effect (approximately 14 to 1T 
increase in feeding distance) was observed for top 
risered vertical castings when risers twice the mini- 
mum adequate diameter were used. The increased 





Fig. 17—Transverse radiograph of a 1-in. thick longitu- 
dinal strip cut from a 4 x 4-in. bar casting of length 


greater than the maximum feeding distance. Centerline 
shrinkage area separates the sound casting edge zone 
(right side) and sound riser zone (left side). 
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Fig. 18—Thermal conditions for the development of centerline shrinkage in plate castings. 


feeding distance was ascribed to the riser overhang 
which created a hot pad area (see discussion of joined 
sections) at the riser-casting junction. The practice 
of using oversize risers to improve feeding distances 
must be considered ineffective in the light of these 
results. 

Variations of gating procedures in which the gates 
were attached to the riser or conversely to casting 
ends (conditions I and II of Fig. 13) did not result 
in significant changes in feeding range. 

Systematic studies of the behavior of “knock-off” 
and “blind” risers have not been conducted to date. 
However, check evaluations indicated that knock-off 





and blind risers behave similarly to full or partial 
contact risers. 

Gradient Conditions Required for Feeding to Sound- 
ness—The use of thermal analysis techniques permits 
an accurate determination of the thermal gradient 
conditions and therefore of the feed metal channels 
which are developed in various types of castings. 
Figures 18 and 19 illustrate the characteristics of the 
temperature distributions and thermal gradients for 
plates and bars of lengths less than and greater than 
the maximum distance which may be fed to sound- 
ness. The values of the thermal gradients which 
exist at the various longitudinal positions at the 
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Fig. 19—Thermal conditions for the develop ment of centerline shrinkage in bar castings. 
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Fig. 20—Interpretation of thermal analysis data. 


time that solidification is complete (solidus tempera- 
ture is reached) are indicated by the upper graphs of 
the figures. 

Figure 20 illustrates the general features of thermal 
gradient data and the method of interpretation of 
the data. The data are representative of bars or 
plates of lengths greater than the maximum distance 
which may be fed to soundness. In general the tem- 
perature along the centerline falls to the liquidus in 
a short time (1-5 min for most cases to be considered) 
—the relative thickness and superheat conditions de- 
termine the actual time required. During this time 
no measurable longitudinal gradients exist except at 
positions very close to the end surface and to the 
riser. As wall growth progresses relatively steep gradi- 
ents are established at the casting end in comparison 
to those developed at the riser end; the major por- 
tion of the casting centerline remains gradientless as 
indicated by the uniform temperature plateau. The 
riser and casting end gradient conditions gradually 
encroach on the plateau zone reducing its length as 
the temperature drops. 

It is deduced that regions such as A to B develop 
tapered feed metal channels inasmuch as the extent 
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of solidification at positions near A is always in ad- 
vance that of positions near B. This is indicated from 
the fact that the temperature distribution curves at 
any given timé denote lower temperatures, hence 
more advanced states of solidification, at A as com- 
pared to B. Directional solidification with conse- 
quent soundness should be expected in zone A to B. 

In a zone such as B to C the feed metal channels 
are indicated to be of a parallel wall type to the end 
of solidification. This is deduced from the fact that 
no longitudinal gradients exist between point C and 
B up to the time that this region drops below the 
solidus temperature. Feed metal flow should be pos- 
sible through such a zone until the channel becomes 
highly constricted (near end of solidification at cen- 
ter.) Since a position at C completes its solidification 
at the same time as a position at B, feeding should 
not be possible at near-ultimate stages and centerline 
shrinkage should be developed along the zone be- 
tween B and C. 

Zone C to D indicates a tapered channel similar to 
the one of zone A to B, and therefore should be sup 
plied with the feed metal required for soundness. The 
actual values of the gradients which exist at the time 
that the various positions become completely solid 
are observed to continually decrease in value. Ac- 
cordingly, regions of the type which are shown as 
dashed areas to the right of B and to the left of C 
develop gradient conditions of such mildness (hence 
channel conditions of minor taper) that there may 
not be sufficient time for the entry and flow of feed 
metal during the end-point period of solidification 
for these regions. The time effect may be appreciated 
by consideration of the rapidity of final freezing at 
positions of Fig. 4 equivalent to B-B, and C-C,. 

The nature of solidification of the metal is an im- 
portant factor in this respect for metals which have 
wide regions of mushy freezing require more feed 
metal at late stages of solidification than metals which 
develop narrow regions. Geometry factors are also 
important since the over-all contour of the feed metal 


LIQUID 
METAL 











Fig. 21—Features of feed metal channels in bar and 
plate castings. 
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channels is determined by such factors. As the result 
of these factors centerline shrinkage may cover a dis- 
tanc of the order of B, to C, rather than B to C. In 
other words, shrinkage may be developed in regions 
of moderate thermal gradients (such as B to B,) de- 
spite the indicated directional nature of solidifica- 
tion. 

The effects of casting length on the nature of the 
thermal gradient and soundness conditions of 2-in. 
plates and 4 x 4-in. bars, Figs. 18 and 19, illustrate the 
general relationships for such shapes. Consideration 
of the zones which develop soundness and shrinkage 























SS ee ee 4 oe 
Oo, 0 20 30 40 50 60 70 


TIME (MINUTES) 


TIME (MINUTES) 


respectively indicate that gradients of approximately 
1-2°F/inch are effective in promoting feeding to 
soundness in the case of plates. In the case of bars 
much steeper gradients are required; shrinkage de- 
velops in regions which have gradients of less than 
6-12°F/inch. This indicates more difficult feeding 
for bar shapes. An explanation for this is indicated 
schematically in Fig. 21. In the case of plates longi- 
tudinal flow occurs along a wide channel with lateral 
feeding required in only two directions. In the case 
of bars longitudinal flow must take place along a 
single rod-like channel with lateral feeding required 
in a full 360-degree sector; thus, a greater amount of 
feed metal is required and a smaller opening is pro- 
vided. This suggests that shape factors are primarily 
responsible for the fact that the maximum feeding 
distance in bars (6)\/T) is less than that obtainable 
in plate shapes (4144T). For example, a 4-in. bar may 
be fed to soundness for a distance of 12 in. and a 4- 
in. plate to 18 in. 


Use of Chills to Increase Feeding Distances 


Investigations’ of the effects of chills on solidifica- 
tion indicated that a steel bar completely surrounded 
by chills completes solidification in approximately 
one-fifth of the time required for one cast in sand; 
for plates the time is approximately one-tenth of that 
required in sand. Also, the nature of solidification 
was noted to be different in that narrow regions of 
mushy freezing are developed as compared to general 
mushy conditions typical for sand castings. Figure 22 
illustrates these differences by solidification curves and 
related schematic diagrams of wall growth. These in- 
vestigations suggested that chills suitably placed at 
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) Fig. 22 (above)—Comparison 
of chill and sand wall solidifi- 
cation. 





= Se cles indicating the _ relative 


| > [7] Fig. 23 (lett) — Thermal cy- 
0 40 x 6 7 80 
thermal adequacy of chills. 


20 3 


TIME (MINUTES) 


casting edges or between risers would act to increase 
the rate of solidification and accordingly to increase 
the effective feeding distance. Systems of the type 
shown in Fig. 14 were therefore investigated, using 
suitable chill thicknesses. For the purpose intended 
it was necessary to ensure that the chills were of suf- 
ficient thickness to develop a continuing rapid rate 
of heat extraction throughout the entire period of 
solidification. Thin chills which provide short time 
heat extraction effects obviously would not be suit- 
able. 

Figure 23 illustrates the thermal analysis method 
used to determine chill adequacy for plate castings. 
Chills of various thicknesses were placed at the ends 
of castings of a length somewhat greater than the 
maximum distance which may be fed to soundness 
when cast in sand. The thermal cycles at various in- 
terface to surface positions of the Chills indicate the 
sufhiciency of the chills for continued rapid heat ex- 
traction during the known time (50 min) of solidifi- 
cation of the castings. 

The thermal cycles show that chills equal to the 
thickness of the plate (1T) maintain a near constant 
interface temperature during intermediate and late 
solidification times indicating the absorption of heat 
at the same rate as released by the casting; 14T chills 
show a continuing temperature rise at the interface 
until relatively late times indicating approach to heat 
saturation; 2T chills show a decreasing temperature 
at interface positions after a relatively short time in- 
dicating a thickness greater than sufficient to main- 
tain a heat balance with the casting. Accordingly, it 
was concluded that 1T chills are of sufficient thick- 
ness for plate castings. Chills of 14T thickness were 
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found to be sufficient for the faster solidifying bar 
castings. Radiographic evaluation indicated equiva- 
lent effects for the sufficient and oversufficient chills 
and a lesser effect for the insufficient chill, thus cor- 
roborating the thermal indications. 

The effects of chills on the maximum distance 
which can be fed to soundness for different systems 
are summarized in Fig. 24. It is observed that the 
increase in feeding distance (2 in. for plates, 1T for 
bars) obtained by using chills at casting edges is dis- 
appointingly small; however, the effect when located 
between risers (casting edges absent) is very large. 
For example, while a 3-in. plate section located be- 
tween two risers may be fed for a maximum distance 
of 12 in. (6 in. per riser) the addition of a sufficient 
chill midway between the risers permits a spacing of 
30 in. (15 in. per riser); similarly risers on a 3 x 3-in. 
bar may be separated by only 10 in. (5 in. per riser) 
while the addition of a chill permits a spacing of 24 
in. (12 in. per riser). 

It is fortunate that a marked increase in feeding 
distance is obtained by the use of chills for the case 
of multiple risers which normally present the most 
difficult problem. The more extensive feeding dis- 
tances which may be obtained by this simple use of 
chills should result in a net increase in casting yield 
inasmuch as fewer risers are required to provide the 
necessary coverage. 


The primary effect of adding the chill to the cast- 
ing end entailed the creation of a longer sound end 
zone. In cases where bars or plates were of sufficient 
length to develop shrinkage it was observed that the 
length of the sound end zone was greater than that 
obtained in sand by the exact amount that the maxi- 
mum feeding distance was increased by the use of the 
chill. Figure 25 presents thermal data for plates and 
bar castings illustrating a shift in the critical 6-12°F 
casting edge gradient zone for bars by IT and a shift 
of the 1-2°F casting edge gradient zone for plates by 
approximately 2 in. This observation corroborates 
the radiographic findings that the increased feeding 
distances results entirely from an increase of the cast- 
ing end effects. 

Thermal studies indicated also that chill casting 
edge effects are primarily attributable to the faster 
solidification developed during the period of wall 
growth from the casting end. For example, Fig. 26 
illustrates that the relative difference in the distance 
of penetration of the “end of freeze” point along the 
centerline is established at relatively early times. An 
approximately five fold faster rate of solidification de- 
velops from the chill end face as compared to the 
sand end face. As the result the “end of freeze’’ wave 
representing wall growth from the end face reaches a 
point of common junction with the lateral “end of 
freeze” wave from the side walls at a greater distance 
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Fig. 25 — Shift of the critical 
gradient zones of bar and plate 
castings due to chills. 
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from the end than in the case of the sand end-face. 
This is indicated in Fig. 26 by the apex of the tri- 
angular area, which marks the position at which di- 
rectional solidification by end-face wall growth along 
the centerline terminates and directional solidifica- 
tion solely by lateral wall growth begins. 

The inability of chills to promote greater distances 
of directional solidification is ascribed to the tenden- 
cies of chills to undercool the adjacent solid metal in 
preference to extracting heat from deeper positions 
in the casting. The end zone temperatures which 
exist at the time centerline shrinkage begins to form 
in the casting show this effect clearly (Fig. 26). In 
the case of sand the end-face is cooled to 2100 F while 
in the case of the chill the end face is cooled to 1500 
F; similarly a position 2 in, from the end-face is 
cooled to 2300 F and 2100 F respectively. Because 
of this effect the use of high conductivity chills (cop- 
per blocks and water-cooled shells) as well as over- 
thick steel chiils does not add significantly to the 
small effect obtainable with sufficient chills. Such 
chills develop still lower interface temperatures which 
result only in greater undercooling of the already 
solid end-face metal. In summary, it may be stated 
that chills do not develop long range thermal effects 
but promote intensive short-range cooling effects. 

The thermal effects of chills located between risers, 
Fig. 27, is very great since this represents the utiliza- 
tion of short range action resulting in rapid solidifi- 
cation at the point of application. For a 3-in. plate, 
314 min is required for solidification through the 












































thickness as compared to a normal 36 min, thereafter 
the solidified region acts as a chilled casting edge. 
The midspan region which normally behaves in tem- 
perature plateau fashion (gradientless) is thus changed 
to a synthetic casting edge which is equivalent to 
splitting of the casting into two separate parts and 
chilling the split ends. 


Feeding Range of Joined Sections 


The empirical feeding distance data and the gen- 
eralized concepts of solidification and geometry fac- 
tors may be recognized as having both immediate 
practical value and long range fundamental value 
From the practical viewpoint the data are useful in 
handling uniform sections which present difficult 
feeding problems. From a fundamental viewpoint 
the data provide a base line for analytical study. 
Similar systematic study of the feeding and related 
thermal characteristics of joined sections was under- 
taken to provide information required for more com- 
plex, non-uniform castings, 

The first step entailed a study of plate castings 
joined in series of decreasing thicknesses. The rela- 
tionships evolved from studies of uniform sections 
suggested that heavy sections should promote feed 
ing in adjoining thinner sections and that the thinner 
sections should ‘decrease the effects of thick section 
casting edges. Also, it was suggested that if the small 
sections are very thin compared to the thick sections 
the converse would be true; i.e., the thin sections may 
act as heat radiators and thus serve as mild chills. 
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Fig. 28 (above )—Joined plate casting systems. 
Fig. 29 (right)—Feeding relationships for joined plate 
casting systems. 


























However, this effect should not be pronounced since 
the thin section only could approach the effect of a 
chill (2 in. added feeding distance). 

The casting systems shown in Fig. 28 were studied 
in various combinations with thicknesses of 1, 2, 3 
and 4 in. Figure 29 presents the maximum distances 
which can be fed to complete soundness for the vari- 
ous combinations and the indicated empirical form- 
ula relationships. 

It is deduced that the maximum feeding distance 
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tially the same when joined to a parent plate of a 
given thickness. The maximum feeding distances in 
parasite plates are as great as, or exceed, those ob- 
tained when the plates are cast separately, 

The improvement for the 4 to 1 thickness combin- 
ation amounts to approximately 200 per cent (414 in. 
to 14 in). As the thickness ratio is decreased, by in- 
creasing the thickness of the parasite plate, the im- 
provement in feeding distance decreases until for the 
4 to 3-in. combination the maximum feeding distance 





of the smaller or “parasite’’ plates of a given thick- 
ness increases as the thickness of the larger or parent 
plate is increased. Further, the feeding distance in 
all parasite plates, regardless of thickness, is essen- 






EFFECT DUE TO THERMAL GRADIENTS 
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of the 3-in. plate is essentially the same as that ob- 
tained in a separately cast plate (414T). 
asite plate approaches the thickness of the parent 
plate its feeding distance falls below 414T 


As the par- 


inasmuch 











EFFECT DUE TO THERMAL GRADIENTS 
DEVELOPED 4 RAPID HEAT LOSS 
FROM CASTING EDGE 


















[BASIC RELATIONSHIPS FOR 
UNFORM_ PLATES tts . Th 


DECREASED CASTING 
EDGE EFFECT 


INCREASED “RISER” 
EFFECT 











3° PARENT 
PLATE 





HEAT FLOW 
AREA 


SMALL LATERAL 
HEAT LOSSES 


CORNER EFFECTS MORE PRONOUNCED 
THAN RISER EFFECTS 











EFFECTS aan Witt aes RATO_OF 
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effects. 
Fig. 31 (right)—Thermal gradient conditions developed in a 1-in. 
thick plate due to a conventional riser and to a 3-in. thick parent 
plate. 
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as the combined feeding distances of parent and par- 
asite plates necessarily approach the 414T value oi a 
plate of uniform thickness. 

The increase in feeding distance of the thinner 
sections is countered, in part, by a decrease in the 
feeding distances of the thicker or “parent” plates. 
The feeding distances in intermediate plates, which 
act both as parent and parasite, are governed by the 
resultant effects of the parent plate which tends to 
increase the distance and of the parasite plate which 
tends to reduce it. As a result the feeding distances 
of intermediate plates fall between the values ob- 
tained when the plate serves as strictly a parent or a 
parasite type. 

When parent plates exceed the thickness of para- 
site plates by a ratio of 1.4 or greater the parent plate 
is more effective in promoting feeding in the para- 
site plate than a conventional round riser. This is 
ascribed to the more pronounced thermal effects pro- 
duced in the parasite plate by the re-entrant angle 
which covers the entire plate width. With risers the 
re-entrant angle is limited to a smaller contact area 
which moreover is of lesser heat intensity due to 
lateral heat loss into the surrounding cold sand. 

Figure 30 illustrates the thermal conditions which 
have been described. Figure 31 which presents the 
gradients developed in a separately cast l-in. thick 
plate and the same plate joined to a 3-in. thick plate 
illustrates the respective thermal effects of the riser 
and of the parent plate. It is observed that relatively 
steep gradients are developed in the region which is 
essentially gradientless for the separately cast plate 
and that the solidification time at a position | in. 
from the riser or parent plate is increased from ap- 
proximately 314 min for the riser system to 7 min for 
the joined plate system. 

Such pronounced thermal effects are required to 
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Fig. 32 (left)—-Comparison of the effect of metal taper and 
thermal taper. 


Fig. 33 (above )—Illustrating the mild chill effects of thin parasite 
plates. 


produce the marked increase in feeding distances 
which are observed; in fact the thermal effects de- 
veloped at the junction area are essentially equal tu 
those produced by the use of metal taper. This is 
demonstrated by comparison of the feeding distances 
of parasite plates joined to parent plates with the 
feeding distances obtained by Brinson and Duma!? 
using metal taper, Fig. 32. The comparisons indicate 
that metal taper is more efficient than thermal taper 
only for the most extreme conditions. 

The mild chill effect predicted for very thin para- 
site plates is demonstrated in Fig. 33. A 1¢-in. para- 
site plate joined to a 3-in. parent plate promotes an 
increased feeding distance of approximately | in. in 
the parent plate. This indicates that thin sections 
have relatively insignificant thermal or feeding dis- 
tance effects on heavy sections. From a practical view- 
point of riser positioning or dimensioning the inter- 
effects of sections of great thickness difference may be 
neglected. Thus, V/SA calculations need not account 
for the presence of thin members of complex castings. 

It is apparent from the extensive feeding distances 
which may be obtained by joining plates in a series 
of decreasing thickness and from the effects of therm- 
al tapers produced by metal or hot sand padding, that 
the solidification characteristics of the casting deter- 
mine the distances which risers feed to soundness. 
The feeding distance which is promoted directly as 
the result of riser thermal effects are comparatively 
minor. The term “feeding range of risers’ should be 
recognized therefore as having little significance un- 
less qualified to specific casting systems. Thus, risers 
must be considered primarily as reservoirs of liquid 
metal having great potential feeding capacity which 
may or may not be made use of depending upon the 
solidification characteristics of the casting. 

The basic concepts of solidification relationships to 
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Fig. 34—-Solidification curves for sand cast 20 x 7 x 7-in. 
bars of various metals. 


feeding may be applied to the case of complex “prob- 
lem” castings by thermal analysis of critical locations 
of such castings. The necessary thermal data are 
readily obtained by the insertion of a small number 
of thermocouples at the critical areas. This procedure 
should permit considerable savings of time and money 
in contrast to the process of repeated pouring of cast- 
ings with haphazard variations of risering and gating 
details arrived at intuitively. 


Extension of Feeding Concepts to Other Metals 


The development of the relationships between 
feeding and solidification characteristics permits a 
qualitative analysis of the behavior of metals other 
than the 0.20-0.30 per cent C steels. Exploratory in- 
vestigations of various other metals have shown that 
the differences in feeding characteristics are predict- 
able from consideration of the mode of solidification. 
In this respect the solidification diagram depicting 
the nature of the progression of “start” and “end of 
freeze’’ waves provides the basic information required. 

Figure 34 presents wall growth solidification curves 
of various metals representative of possible deviations 
from the solidification characteristics of 0.25-0.30 per 
cent steel. The low carbon steel represents a metal 
characterized by highly progressive wall growth, i.e., 
by narrow mushy regions and early growth of a com- 
pletely solid skin. The bronze alloy represents the 
opposite case of a metal characterized by slightly 
progressive wall growth, i.e., by development of a 
general mushy condition throughout the casting and 
with very late growth of a completely solid skin. The 
hypoeutectic gray iron represents two-step solidifica- 
tion entailing initial development of a general mushy 
condition and final solidification by highly progres- 
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sive eutectic formation featuring the anomalous char- 
acteristic of expansion during the liquid-solid reaction 
rather than the shrinkage shown by most metals.*-18 

The highly progressive solidification features of the 
low-carbon steel are due primarily to the narrow tem- 
perature range of solidification, inasmuch as the 
thermal constants of the two steels are essentially the 
same. The feed metal channels developed as the re- 
sult of this mode of freezing are relatively free as 
compared to the 0.30 per cent C steel (Fig. 35); ac- 
cordingly flow of feed metal is much easier, particu- 
larly at late stages of solidification. Steels of this type 
feed to longer distances than the 0.30 per cent C steels 
prior to developing centerline shrinkage; for example 
the feeding distance of 2-in. plates was increased ap- 
proximately 30 per cent. This suggests that gradients 
of lower value than required for the 0.30 per cent C 
steel provide effective feeding for metals which soli- 
dify in a highly progressive fashion. 

The exaggerated mushy freezing of the bronze re- 
sults primarily from the very high conductivity of 
the metal which effectively restricts the thermal gra- 
dients established during solidification to very low 
values. This feature coupled with the very wide 
temperature range of solidification dictates that the 
condition of solidification at the surface is never 
greatly in advance of that at the center. Such a metal 
becomes completely mushy from surface to center for 
a period which may be as long at 90 per cent of the 
total solidification time. Gas pressure bleeding tests 
of the type shown in Fig. 3 have corroborated the 
thermal analysis indications. Solidification during this 
period proceeds by gradual thickening of the solid 
dendrites until very little liquid remains. 

When the final freezing wave leaves the surface 
there is very little liquid remaining to solidify with 
the result that the “end of freeze” wave proceeds at 
high rates (approximately 2 in. per minute indicated 
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by Fig. 34). The advanced state of solidification pre- 
vents effective flow of feed liquid at the high rates 
demanded by the rapidity of movement of the “end 
of freeze” wave, and accordingly lateral shrinkage 
channels are developed throughout the casting. This 
feature accounts in part for the lack of pressure tight- 
ness which characterizes these alloys. The fact that 
centerline shrinkage is not developed in bronzes of 
this type may be ascribed to the development of 
lateral shrinkage cavities which in effect prevents the 
concentration of shrinkage to the centerline. 

Gross shrinkage cavities are readily formed in 
bronzes of this type, however, the development of 
the shrinkage cavity is usually accompanied by a 
puncture to the surface since a completely solid skin 
is not developed until almost to the end of solidifica- 
tion. If a puncture does not result, there is a tend- 
ency to develop ‘dishing’ over the shrinkage area 
due to the atmospheric pressure over the weak semi- 
solid skin. Feeding range studies based on pressure 
tightness evaluations have shown!® that gradients hav- 
ing a minimum value of 25°F/in. are required for 
feeding to soundness. Such gradients may be obtained 
on uniform sections only by use of tapered chills 
placed parallel (short range use) to the path of direc- 
tional solidification. End face chills such as described 
previously (long range use) are ineffective, thus con- 
firming that the concepts of proper chill utilization 
(short range action) described for steel are fully 
applicable to other metals. 

The most significant aspect of the complex solidi- 
fication mechanism of hypoeutectic gray iron is the 
two-stage solidification cycle. The first stage, dendrite 
formation, is similar to that of steel in that it re- 
quires feed metal to compensate for liquid-solid 
shrinkage; the second stage, the eutectic reaction, does 
not require feed metal inasmuch as formation of the 
low density graphite phase results in a net volume in- 
crease. The two cycles do not follow in immediate 
sequence—to the contrary the first cycle essentially 
goes to completion throughout the entire casting be- 
fore an appreciable progression of the second cycle is 
develeped. 

Unlike the cast of steel for which feed metal flow 
is always counter to the path of directional solidifica- 
tion, the flow of feed metal in the case of iron is re- 
versed during the eutectic period, resulting in purg- 
ing through the riser if open, or in an expansion of 
the casting if the riser is solidified. Thus, while at 
intermediate and late stages of solidification steel 
castings tend to drain heavy sections to satisfy the 
feed metal requirements of the lighter sections, gray 
iron castings actually pump liquid back from the 
light to the heavy sections. 

The sufficiency of small bobs for feeding of rangy 
sections of gray iron is explained by this freezing 
process inasmuch as a positive flow of feed metal 
from a feed source is only required during the early 
stage of freezing. In fact, feeding need not be com- 
plete during this period since a feeding deficiency 
will permit room for subsequent relief of the eutectic 
reaction expansion. It is also apparent that centerline 
shrinkage should not be possible with this mode of 
freezing. The feeding range of gray iron sections of 


uniform thickness with respect to centerline shrink- 
age is therefore essentially unlimited. Gross shrink- 
age in gray iron castings may occur as the result of a 
gross feeding deficiency for the case of chunky cast- 
ings, particularly for hypoeutectic types of low car- 
bon equivalent; adequate risering is needed as in the 
case of steel to counter this deficiency. 
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THE STUDY OF VERTICAL GATING 


Progress Report 


By 


K. Grube, J. G. Kura, and J. H. Jackson* 


ABSTRACT 


Sprues with rectangular cross-sections which enter the bottom 
of the casting seem to be preferable for vertical gating of simple 
plates made in small molds. For heavier plates made in large 
molds, a tapered sprue offers some advantages. In general, the 
use of a tapered sprue appears to permit the use of higher 
flow rates with a minimum of turbulence, and it is believed 
that when tests are made the use of a tapered sprue will be 
universally beneficial. These are the essential findings of the 
first seven months of the current research program on vertical 
gating systems sponsored at Battelle by the Research Commit- 
tee of the Light Metals Division of A.F.S. 

The research program on vertical gating systems is now in its 
preliminary stages. It is directed toward a study of conven- 
tional, vertical gating systems used in small and large molds. 
To date, two plate castings have been studied. One is Y in. by 
6 in. by 12 in. (giving a casting weight of about 214 lb of mag- 
nesium, 31% lb of aluminum, or 1014 lb of iron). The second 
is 2 by 6 by 12 in. (giving a casting weight of about 9 lb of 
magnesium, 14 lb of aluminum, or 41 lb of iron), simulating 
a larger mold. 

Vertical sprues of six different basic designs were studied with 
the smaller mold. Three of these permitted the liquid to enter 
the mold at one side edge near the bottom. With the other 
three, the liquid entered the bottom of the mold near one 
edge. The effect of circular versus rectangular cross-section was 
studied for each of these six basic sprues, 

Two basic sprue designs were examined for the larger mold. 
Both permitted the liquid to enter the mold at one side edge 
near the bottom. One of the sprues was tapered and had a 
rectangular cross-section. The other was a simple type used to 
study the effect of circular versus rectangular cross-section. 

As in the previous A.F.S. gating research, the studies are being 
conducted on Lucite molds using water as the flowing liquid. 
Photographic methods are used to record the results. 

Little over-all difference has been found with the different 
sprue systems. The tapered sprue for the large mold and the 
rectangular sprues for the small mold showed some advantage 
in reducing turbulence. The rectangular sprue which delivered 
the liquid through the mold bottom was somewhat superior to 
the side-entry sprues in reducing gas entrapment, perhaps be- 
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cause of the lower flow rate achieved by means of this sprue 
design. 

This research will be continued with investigations of .other 
typical types of gating designs. Where indicated, the gating de- 
signs will oe modified in an attempt to determine the optimum 
methods to reduce turbulence and gas entrapment. 


Introduction 


Previous research!:*.3.4 using transparent models 
and transparent liquid indicated that useful design 
information could be obtained, which leads to im- 
proved gating procedures. This previous research has 
been limited to gating of horizontal castings. All of 
the possibilities for improving horizontal gating sys- 
tems have not been exhausted. However, it is the 
opinion of all concerned that many of the basic prin- 
ciples for these systems have now been established. 
Any additional effort would probably be more effec- 
tive in establishing basic principles for the vertical 
gating systems. Therefore, the Light Metals Research 
Committeet+ requested that a research program be ini- 
tiated to study vertical gating as it applies to (1) per- 
manent molds, and (2) shell molds. 

Although the general procedures for the produc- 
tion of permanent-mold castings, and applications of 
such castings, have been discussed in the literature,® 
little has been published on vertical gating for this 
field. Shell molding is new and attention in the pub- 
lished literature has been devoted almost entirely to 
sand-bonding practices. Considerable work has been 
done at the Naval Research Laboratory®? on vertical 
gating of sand castings, and a review of this work was 
helpful in outlining the present research program. 

Of greatest value in planning the present program 
have been the general comments of the Light Metals 
Research Committee; the comments of L. W. East- 
wood, assistant director of research at Kaiser Alumi- 
num and Chemical Corporation; and plant visits to 
Acme Aluminum Alloys, Inc., at Dayton, Ohio, and 
Aluminum Industries, Inc., at Cincinnati. Other 
plant visits are planned. 

Information gained from the literature and from 
the plant visits suggested that a complete study of all 
possible vertical gating systems would be far too ex- 
tensive for the proposed research. Some 178 possible 
designs were considered. Each of these designs could 
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A-4 A-5 A-6 
Fig. 1—Six basic sprue designs selected for investigation 
of vertical gating in permanent molds. 


be amended to permit different degrees of tapering, 
different cross-section geometry, and other configura- 
tions. Other new designs would undoubtedly be de- 
veloped as the research progressed. To reduce the 
magnitude of the problem to one which could be 
reasonably handled, it was decided to investigate 
basic designs first. Thereby, principles would be es- 
tablished to limit the total number of designs to be 
covered. 

At the inception of this program, it was decided to 
investigate, first, six basic sprue designs as used with 
a simple, thin, plate-type casting. Sprue systems of 
interest would also be checked on a heavier plate 
casting. 

This report describes work done on vertical gating 
during the period from October 1, 1952, to April 30, 
1953. 

Experimental Work 

Equipment—In this research on vertical gating, it 
was desired to employ an inexpensive method of con- 
structing the molds and sprues. At first, it was be- 
lieved that molds could be constructed from plaster 
and Lucite sheet. However, as the research progressed, 
it became clear that this method was not practical 
where repeated tests were involved. Therefore, it was 
decided to construct the two molds from Lucite sheet. 
The sprues were made either of glass tubing or lam- 
inated Lucite sheet. By these procedures, equipment 
was constructed which was relatively inexpensive and 
had good clarity for visual observation and photo- 
graphic purposes. 

Two molds were made oi Lucite sheet. One mold 
had a cavity 14 in. thick, 6 in. wide, and 12 in. long. 
The other mold had a cavity 2 in. thick, 6 in. wide, 
and 12 in. long to represent a heavier casting. The 
sides of the molds were machined from 14-in. Lucite 
plate and were fitted with 14-in.-thick Lucite sheet. 
Openings to accommodate either round or rectangular 
sprues were provided on one side edge near the bot- 
tom, and on the bottom near one side edge. When 
one opening was in use the other was sealed. To pro- 
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vide venting, holes were drilled across the top of each 
Lucite mold. 

Six designs of sprues were selected as a basis for the 
start of the investigation. These designs are shown in 
Fig. 1, and are identified as A-1 through A-6. This 
code will be employed throughout this report for ease 
of identification. Likewise, the term “sprue” will 
apply to the channel through which the liquid passes 
prior to its entry into the mold. 

Each of the six types of sprues were investigated 
with both a circular and a rectangular cross-section. 
The circular sprues for the small mold were formed 
from glass tubing having an inside diameter of 0.375 
sq in., and thus had a cross-sectional area of 0.110 sq 
in. The rectangular sprues were formed from lamin- 
ated Lucite sheet. The sprue cavity was 14 in. by | 
in. and had a cross-sectional area of 0.125 sq in. All 
sprues, both circular and rectangular, had straight 
walls, i.e., they were not tapered. 

The sprues with these cross-sectional areas filled the 
small mold at a rate of approximately 0.70 Ib of 
aluminum per second. Variation in sprue design 
caused this rate to fluctuate slightly. 

It is realized that a pouring box is of little or no 
use by those employing vertical gating such as in the 
permanent mold shop. However, in the laboratory, 
the pouring box was used and provided a means of 
introducing water free of air bubbles at a constant 
pressure into the sprue. Thus, air entrainment en- 
countered would be a function of the gating design. 
Each test was started with a 2-in. head of water in the 
pouring box. This level was maintained throughout 
the test. 





Fig. 2—Photo showing set-up used to investigate sprue 
design for vertical gating. 
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The set-up used in the study of vertical gating is 
shown in Fig. 2. A portion of the pouring box, 
stopper, the A-6 sprue with rectangular cross-section, 
and the small mold are shown in the photograph. 


Small Mold 

Circular—Each of the six circular sprues, 0.375 in. 
in diameter, were tested with the small mold. The 
degree of turbulence occurring in the mold was ob- 
served as well as the quantity of entrapped air re- 
maining in the mold after the cavity was filled. Since 
quantitative data with this type of test are difficult 
to obtain, a photographic record was made of each 
sprue design during pouring. 

Kenny Speed-O-Light pictures were taken at - 
and 2-sec intervals from the start of pour. Also, a 
photograph was taken just as the mold filled. The 
filling time varied from 4.6 to 5.0 sec, depending upon 
the sprue design. 

Recorded in Fig. 3B, 3C, and 3D are the flow char- 
acteristics obtained with Sprue Design A-1. Turbu- 
lence is evident in the mold during the initial pour. 
The jet action of the side-entry sprue causes air to be 
entrapped in the liquid. As the mold fills, turbulence 
is overcome by back pressure. However, the air bub- 
bles entrapped during the initial pour remain in the 
mold cavity throughout the pour. 

The action of the two other side-entry sprues, A-2 
and A-3, was very similar to that recorded for the 
Sprue Design A-1] and are shown in Figs. 4B, 4C, 4D, 
5B, 5C, and 5D. 

The action of the three sprues designed to permit 
the liquid to enter the mold from the bottom was 
studied. Typical results obtained with Design A-4 
are shown in Figs. 6B, 6C, and 6D. Results obtained 
with the A-5 and A-6 designs were similar. The 
action of these two sprues is recorded in Figs. 7B, 7C, 
7D, 8B, 8C, and 8D. 

The sprues entering the mold from the bottom cre- 
ated a fountain effect. This turbulent condition en- 
trapped large quantities of air in the liquid. As in 
the case of the side-entry sprues, these air bubbles 
were dispersed throughout the mold cavity during the 
pour. Photographs taken at the end of the pour 
showed the bubbles trapped along the side of the 
mold opposite the sprue. There appeared to be some 
reduction in the degree of turbulence at the end of 
the pour for the bottom sprue entry. In all cases, 
with the circular sprue, air bubbles were entrapped 
within the water casting at the end of the pour. 

Rectangular Sprues—Six designs of rectangular 
sprues, 14 in. thick by | in. wide, were tested with the 
small mold. Three of the sprues entered the mold 
from the side and three from the bottom. None were 
tapered. Action pictures were taken at 14- and 2-sec 
intervals. A third photograph was taken just as the 
mold filled. This end period varied from 5.6 to 7.8 
sec, depending upon the design of the sprue. 

Although the rectangular sprues had slightly greater 
cross-sectional area than the round sprue, there was a 
tendency for slightly lower flow rates. Swift, et al, 
in their work on sprue design, found that the rectan- 
gular sprue offered more resistance to flow that did 
the round sprue. 
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The action in the mold, using the side-entry sprue 
Design A-1, is shown in Figs, 9B, 9C, and 9D. Similar 
results were obtained when Designs A-2 and A-3 with 
rectangular cross-sections were used. These are shown 
in Figs. 10B, 10C, 10D, 11B, 11C, and 11D. Because of 
the slightly lower flow rate with the rectangular 
sprues, as compared with the circular sprues, there 
appeared to be a lesser amount of turbulence occur- 
ring during the initial part of the pour. As the mold 
was filled, there was a considerable number of air 
bubbles entrapped in the casting. The slightly re- 
duced flow rate achieved by the rectangular-shaped 
sprue was not sufficient to permit all of the entrapped 
air to escape. 

In the sprue design shown in Fig. 10A, an abrupt 
change in direction of flow occurs. As a result of this 
abrupt change in direction, an air pocket was created 
on the cope surface of the horizontal portion of the 
sprue, as shown in Figs. 10B, 10C, and 10D. This de- 
fect should eliminate this design from any further 
investigation. With curved sprues, this condition did 
not exist. 

Presented in Figs. 12B, 12C, and 12D are photo- 
graphs taken of the action of one of the bottom-entry 
sprues, Design A-4. Considerable turbulence occurred 
during the initial surge of the liquid into the mold. 
When the bottom-entry type of sprue utilizing a rec- 
tangular cross-section was employed, only a small 
quantity of entrapped air remained in the cavity after 
the mold was filled. Similar results were also obtained 
with Designs A-5 and A-6, as shown in Figs. 13B, 13C, 
13D, 14B, 14C, and 14D. 

A comparison of the circular sprue with the rec- 
tangular sprue showed that there was little general 
difference in the flow characteristics of the liquid de- 
livered to the mold cavity. Of course, it must be 
appreciated that flow within the mold will differ de- 
pending upon the type of sprue entry. The rectangu- 
lar sprue retarded the flow rate slightly and, as a re- 
sult, somewhat less turbulence was experienced. The 
degree of slope to the sprue did not appear to affect 
the amount of turbulence. 


Large Mold 

Three sprue designs were selected for testing with 
the large mold which measured 2 by 6 by 12 in. A cir- 
cular sprue, Design A-3 in Fig. 1, was made from 14- 
in..diam glass tubing. The cross-sectional area was 
0.196 sq in. The sprue was not tapered and con- 
tained vent holes along one side to provide permea- 
bility. 

Flash pictures presented in Figs. 15A, 15B, and 15C 
illustrate the action in the mold when poured with 
the circular sprue. The familiar jet action observed 
with the smaller sprues and smaller mold was again 
present. This is evident in Fig. 15A. The dispersion 
of the air bubbles throughout the partially filled 
mold cavity is shown in Fig. 15B. When the mold 
became completely filled, Fig. 15C, a number of very 
small air bubbles were still entrapped in the mold 
cavity. 

A straight, rectangular sprue, 34, in. thick by | in. 
wide, having a cross-sectional area of 0.187 sq in., was 
the second sprue tested with the larger mold. The 
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sprue design was of the type illustrated by A-3 in Fig. 
1. Vent holes were drilled along one face of the sprue. 

Illustrated in Figs. 16A, 16B, and 16C are photo- 
graphs taken at 14-, 5-, and 14.6-sec intervals after the 
start of pour with the rectangular sprue. Again, the 
rectangular shape retarded the flow of the liquid. 
Consequently, there was a slightly lesser amount of 
turbulence during the initial pour. The photograph 
taken at the end of the pour, Fig. 16C, reveals that 
practically all of the air bubbles escaped from the 
liquid, 

The third design tested was a tapered, rectangular 
sprue. It had a bottom dimension of 5% in. by | in., 
with a cross-sectional area of 0.156 sq in. The sprue 
had a 3:1 taper and was tested with the large end up. 
Vent holes were drilled along one side of the sprue. 

The flash pictures taken at 14-:, 5-, and 17.2-sec in- 
tervals are presented in Figs. 17A, 17B, and 17C. Be- 
cause this sprue had a smaller cross-sectional area at 
its bottom than the other two, the flow rate was sub- 
stantially reduced. This lower flow rate appeared to 
reduce the quantity of air entrapped in the water 
curing pouring. The photograph in Fig. 17C, taken 
as the mold completely filled, shows an absence of air 
bubbles. 

From the data obtained on the three sprues tested 
with the larger mold, it appears that the future work 
should deal primarily with tapered sprues. 


Aspiration of Air in Straight Sprues 

It has been established in previous work!-** that 
straight sprues aspirate air into the liquid. Aspiration 
of air into molten metal would promote dross forma- 
tion. In the earlier work, the sprues had a bottom 
cross-sectional area as small as 0.500 sq in. It was not 
known what effect a sprue with still smaller cross- 
sectional area would have on aspiration. 

The gating designs used in permanent molds are 
generally of smaller cross-section than those employed 
in horizontal gating of sand molds. It was believed 
that small, circular or rectangular sprues might not 
present the aspiration problem, even though the sprue 
was not tapered. To establish if this was true, one 
sprue design, A-3 in Fig. 1, was selected for examina- 
tion. This design was tested in both the circular and 
rectangular shapes znd when attached to the small 
und to the large molds. 

The circular sprue tested with the small mold had 
a cross-sectional area of 0.110 sq in., and the rectangu- 
lar sprue had an area of 0.125 sq in. Vent holes were 
placed throughout the length of each sprue. It was 
found that each sprue aspirated air only for a small 
fraction of the total filling time. As soon as back 
pressure began to be exerted by the filling of the 
mold, aspiration ceased. 

A circular sprue and rectangular, straight sprue 
were tested for aspiration when used with the larger 
mold. The circular sprue had a cross-sectional area 
of 0.196 sq in., while the area of the rectangular sprue 
was 0.187 sq in. Both sprues aspirated a considerable 
quantity of air until the mold was nearly full. Aspira- 
tion was eliminated when the rectangular sprue was 
tapered and had a bottom cross-sectional area of 0.156 
sq In. 
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A bottom-entry, rectangular sprue design, A-4 in 
Fig. 1, was also tested for aspiration. This sprue had 
an area of 0.125 sq in. and contained two right-angle 
corners. Although an air pocket was formed when a 
sudden change in direction occurred in the sprue, 
there was no aspiration. The U-shape of the sprue 
created sufficient back pressure to prevent aspiration 
from occurring. 

From these few tests on shape, design, and size ol 
sprue, it appears that the casting size should be con- 
sidered in relation to the design of the sprue. The 
data indicate that on small castings (up to 4 Ib of 
aluminum) small-diameter, straight sprues may be 
used. Above this casting size, a tapered sprue would 
be more advantageous. If straight sprues are em- 
ployed on large castings, the liquid should enter the 
mold cavity from the bottom. 


Effect of Sprue Size on Turbulence 

The experimental work employing the 0.375-in.- 
diam sprues indicated that large quantities of air 
were entrapped in the final casting. It was believed 
that a reduction in the pour rate would reduce the 
amount of entrapped air. Three methods were sug- 
gested for reducing the rate of flow. They were: (1) 
use a smaller diameter sprue, (2) use screens, and (3) 
use steel wool. The simplest and most practical of 
these methods was to use sprues of smaller diameter. 
Circular sprue Design A-3 was selected and two sprues 
were made from 0.156-in. and 0.312-in.-inside-diamete 
glass tubing. Vent holes were placed in the side of 
each sprue. As in previous work, the pouring box and 
stopper were employed as control devices. 

Speed-O-Light pictures taken at 14-, 2-, and 16.2-sec 
intervals indicate the 0.156-in.-diam sprue did not 
create much turbulence. A small amount of aspira- 
tion occurred in the sprue during the initial part of 
the pour. However, as soon as a slight back pressure 
was created, aspiration ceased. The photographs 
shown in Figs. 18A, 18B, and 18C indicate freedom of 
air bubbles during the latter stages of filling. The 
calculated flow rate for this diameter sprue was 0.63 
lb/sec of iron, 0.22 lb/sec of aluminum, or 0.14 Ib/sec 
of magnesium. 

Increasing the sprue diameter to 0.312 in. and, at 
the same time, increasing the flow rate to 1.25 Ib/sec 
of iron, 0.43 lb/sec of aluminum, or 0.28 Ib/sec of 
magnesium, created a considerable amount of turbu- 
lence. Time-lapse pictures taken at 14, 2, and 8.2 sec, 
shown in Figs. 19A, 19B, and 19C, indicate large quan- 
tities of air being entrapped in the final casting. As- 
piration of air in this sprue continued for a longer 
period than in the smaller sprue and contributed to 
the defective casting. 


Pouring Directly Down the Sprue 


As mentioned previously, a pouring box was used 
in testing all of the sprue designs. This method of 
control was used to eliminate, as much as possible, 
extraneous variations in the tests. It was also realized 
that any vertical gating design which appeared to be 
particularly advantageous in the laboratory may 
eventually be used in commercial production without 
the aid of a pouring box. Therefore, one sprue design 
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was selected for testing without the pouring box. The 
design, A-5, was made from 0.312-in.-inside-diameter 
glass tubing which entered the small mold from the 
bottom. This design was selected because it was be- 
lieved the small amount of back pressure created by 
the bottom entry of the sprue would permit the sprue 
to be filled quickly. Previous tests in the laboratory 
indicated it was difficult to keep a side-entry sprue of 
larger diameter (0.375 in) full without the aid of the 
pouring box. 

A Lucite enlargement was placed on top of the 
sprue to permit ease of pouring and to simulate the 
flaring of the sprue top that exists in a permanent 
mold. Water was poured from a beaker at a fairly 
constant rate to maintain a full sprue. Motion pic- 
tures were taken at 128 frames per second to record 
the action during the pouring operation. Three 
scenes enlarged from the film are recorded in Figs. 
20A, 20B, and 20C. 

To fill the mold by pouring directly down the sprue 
required approximately 13 sec. This produced a cal- 
culated flow rate of 0.79 Ib/sec of iron, 0.27 Ib/sec of 
aluminum, or 0.17 lb/sec of magnesium. This slow 
rate of pour produced a water casting free of en- 
trapped air bubbles, although considerable turbulence 
was noted in the sprue during the early stage of the 
pour. 

For purpose of comparison, the same sprue was 
tested with the pouring box. The time to fill the 
mold was reduced to approximately 9 sec. The in- 
creased flow rate caused a small quantity of air bub- 
bles to be entrapped in the final casting. 

It is evident from the few tests conducted that a 
slower rate of flow was obtained when a pouring box 
was not employed. This is advantageous and is attrib- 
uted primarily to the lack of head pressure that exists 
when a pouring box is used. Also, a certain degree of 
fluctuation in pour rate during the initial filling of 
the sprue was present when the pouring box was not 
used. This aided in decreasing the flow rate but could 
contribute to aspiration of greater amounts of air 
down the sprue during the initial pour. 


Future Work 

Attention will be focused on reducing the amount 
of turbulence created by the initial surge of liquid 
into the mold. Such devices as sumps or wells should 
be of value. The use of webs, risers, and hot shots 
will be investigated on the more promising sprue de- 
signs. 

APPENDIX—PREPARATION OF LUCITE 

Polishing and Cleaning of Lucite 

A plastic, commercially called Lucite or Plexiglas, 
depending upon the manufacturer, was found to be 
quite satisfactory for the construction of transparent 
molds. The advantages of this type of material are 
that it (1) is readily available, (2) is reasonably in- 
expensive, (3) is readily fabricated, (4) has a high 
degree of transparency, (5) has a reasonable amount 
of strength, (6) is resistant to a moderate amount 
of heat, and (7) has excellent light-transmission qual- 
ities. 

This type of plastic can be readily machined by use 


THE Srupy OF VERTICAL GATING 


of the conventional machine tools. Details on the 
care to be exercised during the various machining 
operations are given in a Lucite manual published by 
E. I, du Pont de Nemours and Company.* 

The machined surfaces can be brought to a smooth 
finish with a high degree of luster by the following 
procedures: 

1. Remove tool marks with 3/0 sandpaper, fol- 
lowed by a final sanding with either a 6/0 or 
9/0 paper. 
2. Apply Du Pont No. 7 rubbing compound with 
a soft cloth and polish to a high luster. Small 
pieces may be polished on a metallographic 
polishing wheel with great rapidity. 
Lucite articles polished by this method will have ex- 
cellent transparency. Dirt and water spots can be 
removed readily from Lucite with mild soap and 
warm water. Rinsing with warm water and drying 
with a clean towel or chamois skin will produce a 
clear surface. Paint, grease, or adhesives can be re- 
moved with xylene soaked on a soft cloth. The warm- 
water rinse should always be used immediately after 
any solvent has been used. When articles made of 
Lucite are not in use, wrapping them in a clean cloth 
will protect the polished surfaces, 
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DISCUSSION 


Chairman: T. D. Stay, Reynolds Metals Co., Cleveland. 

Co-Chairman: P. J. Petro, JR., Arrow Aluminum Castings 
Co., Cleveland. 

Recorder: P. J. Petro, Jr. 

ALFRED SuGAR:* Were you considering in your vertical gating 
of putting a sump in the bottom of the downsprue? 

MR. JACKSON: We intend to study all p<ssible variations of 
the basic designs of vertical gating illustrated in the paper. 
Sumps will be included in the investigation. Certain established 
systems will also be studied at a later date. 

MEMBER: Was the water used in these tests free from carbon 
dioxide and, if so, how much? 

Mr. JAcKsON: The water used was tap water. 

C. C. Hircucock:* Have you considered using any other 
liquid rather than water which would have a surface tension 
similar to that of aluminum? 

Mr. JACKSON: We are considering liquids other than water. 
We would like to have a liquid that actually freezes, but as yet 
we have not been able to develop one which could be used in 
these transparent molds. In most hydraulic studies, it is not a 
question of surface tension so much but more a question of den- 
sity and viscosity. Water seems to act very similar to metals in 
castability in these transparent molds. 





* Lucite Manual prepared by the Plastics Department, E. I. 
du Pont de Nemours and Company, Arlington, N. J, 
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H. F. Dietricu:* Is there not a vortex effect in a circular 
gate which would not be present in a rectangular gate? 

Mr. JACKSON: It certainly is easier to form a vortex at the 
junction of the pouring box and sprue when a circular gate is 
used rather than a rectangular box. The pouring box, however, 
should be kept full enough so that a vortex is not created. 

MeMBeER: Do you know of any foundry using this gating sys- 
tem, and making good castings, especially the gating illustrated 
in Figs. 4 and 7? 

Mr. JAcKson: The gating illustrations in the paper are sim- 
pler than those used in the field today. After we learn how 
these simple systems operate, we will have a better understand- 
ing of the more complex systems. Gradually, we are working 
toward those systems which are in common use today in per- 
manent molding. 

MEMBER: Which one of the types of vertical gating systems 
did you find were the best according to your illustrations? 

Mr. JAcKsON: The best systems studied so far were the rec- 
tangular sprue with bottom entry for the small mold and a 
tapered sprue for the larger mold. Sprues with smooth bends 
were superior to those with sharp bends. However, none of 
these designs are recommended at the present time. They repre- 
sent the initiation of the study of vertical gating which later 
will lead to specific recommendations. 

Mr. DietricH: Have you used swirl gates in your study of 
vertical gating? 

Mr. JAcksON: We have had no experience along thuse lines 
yet. 

' Mr. Hircucock: Any agitation whatsoever in a gatin. svstem 
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is detrimental to the production of good sound castings. Have 
you contemplated using a gelatin-type mixture by which you 
could also study the solidification of the liquid along with the 
gating? 

Mr. JAcKson: Our organic chemists are working to develop a 
liquid by which we might examine the freezing of a liquid as 
affected by the gating system. 

F. N. Eaton: * It is generally known that the greatest velocity 
of the metal is at the bottom of the downsprue, both in sand 
and permanent mold gating. If steps could be taken to reduce 
this velocity before the metal reaches the bottom of the sprue, 
a great deal of damage done by the jet effect could be eliminated. 

Mr. JACKSON: That is a very good suggestion. 

Mr. JACKSON (Authors’ Closure): The authors wish to thank 
the discussors for their contribution to this report. As was stated 
at the beginning of the paper, this is the first progress report on 
investigation of vertical gating systems. Naturally, some of the 
more simple types of gating systems were selected for the prelim- 
inary work. As work continues, some of the more complex sys- 
tems will be studied. The use of gelatinous material, suggested 
by Mr. Hitchcock, or the use of dyes would provide a valuable 
tool for the study of temperature gradients as well as flow pat- 
terns in vertical gating systems. Development of this technique 
is In progress. 


1 Metallurgist, Aluminum Division, The American Metal Company, Ltd, 
New York. 

2 R. C. Hitchcock & Sons, Inc., Minneapolis 

' Professor, Kansas City College, Manhattan, Kansas 

‘ Foundry Manager, Bohn Aluminum & Brass Corp., Detroit 
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Preface by Chairman Henry W. Meyer 


Sand Division Committee 8-L, Physical Properties 
of Foundry Sands at Elevated Temperatures, grate- 
fully acknowledges the wisdom of the executive offi- 
cers of the American Foundrymen’s Society in finan- 
cially sponsoring the study of foundry sands at ele- 
vated temperatures. Through alertness and guidance 
of previous committee 8-L personnel, facilities were 
developed at Cornell University for determining the 
physical characteristics of basis sand and sand mix- 
ture components. 

One important finding as the result of this investi- 
gative work was conclusive laboratory evidence that 
the maximum temperature at which the expansion 
exceeds the allowable deformation varies and is de- 
pendent upon the sand mix components. Also, as this 
temperature increases the scabbing tendency of the 
sand mix increases. 

The present committee personnel feel it is the com- 
mittee’s duty to continue the investigative work, de- 
termining the stress-strain and expansion characteris- 
tics of various basis sands and sand mixture compon- 
ents, and correlating this data by using the sand mix- 
tures tested in the production of test castings, thus 
endeavoring in a technical and practical manner to 
disseminate this information, hoping it may aid in 
leading foundrymen to improve their casting quality 
sandwise. 

The committee also wishes to acknowledge the sin- 
cerity, accuracy and complete co-operation experi- 
enced in their associations with the investigators at 
Cornell University. 


Introduction 


This report covers the work on the Sand Research 
Project sponsored by the Sand Division of the Ameri- 
can Foundrymen’s Society, which has been completed 
at Cornell University in the period April 1, 1952 to 
April 1, 1953. Part I is concerned with the stress- 


* Assistant Professor of Metallurgy, ** AFS Investigators and 
+ Professor of Metallurgy, Cornell University, Ithaca, N. Y. 

{Committee 8-L: H. W. Meyer, Chairman; C. W. Briggs, 
H. W. Dietert, R. H. Jacoby, C. B. Jenni, R. E. Morey, J. A. 
Rassenfoss, J. B. Stevens, H. F. Taylor, D. C. Williams. 


strain and expansion studies of eleven synthetic steel 
sand mixtures at elevated temperatures. Part II is an 
extension of the work previously reported and deals 
with the summation of test casting results on the 
scabbing tendencies of the sand mixtures studied in 
art I. 

Two appendices are included at the end of the 
report. Appendix A covers properties at 2500 F at 
short exposure times. Appendix B summarizes room 
temperature properties of the mixtures studied. 

The authors wish to acknowledge the many help- 
ful suggestions and the valuable guidance given by 
the AFS Sand Division Committee 8-L on the Physical 
Properties of Steel Foundry Sands at Elevated Tem- 
peratures, under the Chairmanship of H. W. Meyer.t 


PART I 


Stress-Strain and Expansion Test Data 


Apparatus and Procedures 
The load-deformation apparatus, the hot strength 
deformation recorder, the expansion apparatus and 
the procedures employed in conjunction with this 
apparatus and the preparation of specimens have 
been adequately described in the Eleventh Annual 
Report! and, therefore, will not be described here. 
The procedure for sand mixture preparation for 
the sands containing only binder and moisture has 
also been described,! but when the mixture contained 
an additive as well as binder and moisture, this pro- 
cedure was modified as follows: 
dried base sand and additive mulled for 5 
dry 
temper water added slowly 
mixture mulled for 5 min 
clay added uniformily over surface of sand in 
muller 
mixture mulled for 10 min 


a min 


— 


b) 
c) 
d) 


e 


—S 


Mixtures Studied 


The research described in this report has been con- 
cerned with eleven synthetic sand mixtures, the con- 
stituents of which are given in Table 1. The base 
sand in all eleven mixes is New Jersey No. 60. 
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TABLE 1—TEstT MIXTURES 














Binder Additive 
Mix ik Con- Mois- Con- 
No. Type tent,% ture,% Type tent, % 
1 WB. No. 5 << Sa as oe 
2 W.B. No. 5 3 3 a a 
3 W.B. No. 5 2 3 — — 
4 W.B. No. 5 l 3 — —_ 
5 F.C. No. 8 10 3 a an 
6 W.B. No. 5 4 3 Cereal 0.5 
7 W.B. No. 5 4 3 Cereal 1.0 
8 W.B. No. 5 4 2 Cereal 0.5 
9 W.B. No. 5 4 2 Cereal 1.0 
10 W.B. No. 5 4 4 Cereal 0.5 
1] W.B. No. 5 4 4 Cereal 1.0 
gy W.B. No. 5 4 5 — — 
13! W.B. No. 5 3 5 a — 
14! W.B. No. 5 2 5 —_ ee 
15? W.B. No. 5 ] 5 — — 


16' ~—-F.C. No. 8 10 5 — — 
*Mix numbers 12 to 16 were reported on in reference 1. 
W.B. = Western Bentonite. 


F.C. = fire clay 











Experimental Data 

Figures 1 through 5 are graphical representations 
of the data on hot compressive strength, strain and 
free expansion at temperatures from 1000 to 2500 F 
which were collected on the eleven synthetic sands. 
Each point on the various curves represents the aver- 
age of at least three determinations at that tempera- 
ture. Near the critical temperatures, where the strain 
and expansion curves cross, the points represent the 
averages of usually four or more individual determin- 
ations. 

Figure 1, in which hot compressive strengths are 
plotted against temperature for the sand mixtures 
containing 3 per cent moisture and I, 2, 3, and 4 per 
cent western bentonite, as well as 10 per cent fire 
clay, shows the recognized fact that the shape of the 
strength temperature curve is determined by the type 
of binder present. 

The plots of hot compressive strength versus tem- 
perature in the top sections of Figs. 2, 3 and 4 all 
show a rather interesting phenomenon. The three 
plots represent six sand mixtures, all bonded with 4 
per cent western bentonite. The two curves on any 
one sheet also represent mixtures of constant mois- 
ture content, the variable being cereal additive. In 
all three cases, the effect of adding 14 per cent of cer- 
eal to the 4 per cent bentonite bonded mixture is to 
shift the peak strength to the right, while the addi- 
tion of 1 per cent of cereal causes the peak strength 
to shift to the left and down. The | per cent cereal 
additive also produces a “‘plateau” effect in the curves 
at temperatures beyond the peak strength tempera- 
ture. The explanation for this phenomenon may be 
in the fluxing action of the residue remaining from 
the combustion of the cereal.” 

Figure 5 shows the effect on strain and expansion 
of varying amounts of bentonite binder and of one 
content of fire clay binder. It may be seen that as the 
bentonite content is increased from 1 to 4 per cent 
the critical temperature at which the strain and ex- 
pansion curves intersect shifts progressively from, 2150 
to 1640 F. The critical temperature for the fire clay 
bonded sand is 1990 F. Thus, the trend here at 3 


per cent moisture is similar to that for the same 
series of sands at 5 per cent moisture. This latter 
series was presented earlier! and the curves are re- 
produced here ‘as Fig. 6 to facilitate comparison of 
the 3 and 5 per cent conditions, The effect of de- 
creasing the moisture by 2 per cent has been to de- 
crease somewhat the critical temperature for any 
given binder content. 


Critical Temperatures 

The critical temperature for the 3 per cent ben- 
tonite bonded sand is lower than for the 4 per cent 
bentonite sand in contrast to the trend which was 
mentioned above and which is followed in the 5 
per cent moisture series. The critical temperature for 
the 4 per cent bentonite sand is 1640 F, while for 
the 3 per cent bentonite sand it is 1570 F. However, 
from 1570 to 1700 F the strain curve lies parallel to 
the expansion curve and within about 0.002 in./in. 
of it. In the last report! it was noted that there was 
an inherent time lag in the strain recording appara- 
tus which caused these readings to be in error by 
approx‘mately 0.005 in./in. Thus, although ordin- 
arily this results in very little error in the critical 
temperature, in this case the relative shapes of the 
two curves may result in an error of a hundred de- 
grees or more in the critical temperature. 

Figure 3 shows the strain-expansion curves for the 
4 per cent bentonite, 3 per cent moisture sand with 
cereal additives. The curves for the reference mix- 
ture containing no additive are also reproduced for 
easy comparison. It is seen that the cereal has some 
little effect upon the critical temperature, shifting it 
to 1550 F when cereal content is 4 per cent and to 
1580 F when cereal content is | per cent. This is 
compared to the 1640 F critical temperature of the 
reference mixture. The strain curve for the 14 per 
cent cereal sand crosses the expansion curve, and then 
at a higher temperature drops below and then re- 
crosses the expansion curve. The initial crossing 
point is assumed to determine the critical tempera- 
ture in keeping with the proposed theory*® on scab- 
bing tendencies of sands, which states that if mold- 
metal interface conditions are such that the expan- 
sion of the sand results in a deformation which ex- 
ceeds the ability of the sand to deform at that tem- 
perature without fracture, a surface defect will oc- 
cur. Thus, the lowest temperature at which such 
conditions apply is the critical one. 

Figure 2 shows the strain-expansion curves, at 4 
per cent moisture, for 4 per cent bentonite bonded 
sands with 14 per cent and | per cent cereal addi- 
tive. The critical temperature for both these sands 
is 1565 F. 

Figure 4 shows the strain-expansion data, at 2 per 
cent moisture, for the 4 per cent bentonite bonded 
sands containing 14 per cent and | per cent cereal 
additive. The critical temperature for the | per cent 
cereal sand is 1640 F, and for the 14 per cent cereal 
sand it is 1865 F. The latter temperature seems to 
be out of line with the results for the other five sands 
containing cereal additive and again it must be as- 
sumed that this may be due to the lag in the strain 
recording apparatus. At 1600 F the observed strain 
for this sand is only 0.003 in./in. below the observed 
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Fig. 1—Hot compressive strength vs. temperature. 
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Fig. 3—Hot compressive strength, maximum strain, and expansion, vs. temperature. 
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Fig. 4—Hot compressive strength, maximum strain, and expansion, vs. temperature. 
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expansion. This is well within the 0.005 in./in. error 
of the apparatus. 

Inspection of Figs. 2, 3, 4, 5 and 6 reveals that the 
percentage of bentonite binder, the cereal additive 
and the percentage of moisture have only a slight 
effect upon the expansion characteristics of the sand 
mixtures. The expansion curves for all these benton- 
ite bonded sands are actually quite similar, and 
changes in critical temperature result mainly from a 
shifting of the strain curves with changes in the 
variables. This, of course, might be predicted since 
silica sand grains exist in all the mixtures as the 
major constituents and tend to mask the effects of 
the other lesser constituents. 


PART Ill 


Strain-Expansion Characteristics of the Mixtures With 
Reference to Scabbing Tendency 


On the basis of the theory of scab formation pre- 
viously mentioned, some predictions can be made of 
the scabbing tendencies of the various synthetic sands 
described in this report. The scabbing tendency of a 
sand will increase as the critical temperature at which 
the strain becomes equal to the expansion increases. 

Thus, at 3 per cent moisture, with no additives, 
the scabbing tendency of a bentonite bonded sand 
should decrease as the bentonite content is increased 
from | per cent to 4 per cent. All the sands studied 
with cereal additive should show at least as little 
tendency to scab as the 4 per cent bentonite, 3 per 
cent moisture sand. The 10 per cent fire clay, 3 per 
cent moisture sand should show a scabbing tendency 
similar to the 1 per cent and 2 per cent bentonite 
sands, and the 5 per cent moisture, bentonite bonded 
series should show a greater scabbing tendency than 
the 3 per cent moisture series for any given benton- 
ite content. 

In order to confirm the laboratory data, test cast- 
ings were poured in steel, using the Steel Founders’ 
Society of America test casting previously described.! 
(Additional test castings will be poured at a later 
date.) 

Five castings were poured in the Cornell Univer- 
sity Foundry Laboratory. Molds were rammed by 
hand to mold hardnesses of 82-87, which correspond 
to the hardnesses obtained in the laboratory speci- 
mens used for the expansion and deformation tests. 
The sand mixtures under test were used as facing 
sands over the pattern to a rammed depth of at least 
114 in. All molds were poured in acid-electric steel. 

Table 2 gives the sand mixtures in which castings 
were poured and the critical temperatures of these 
mixes as determined in the laboratory. 

Casting A was poured in a 3 per cent western ben- 
tonite, 5 per cent moisture sand and showed severe 
scabbing (Fig. 7). Casting B was poured in a 3 per 
cent western bentonite, 3 per cent moisture sand and 
showed a scab defect of lesser severity, as was pre- 
dicted from a consideration of the strain-expansion 
characteristics of the 3 and 5 per cent moisture sands 
(Fig. 8). 

Casting C was poured in a 4 per cent western ben- 
tonite, 3 per cent moisture sand and showed no scab 
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TABLE 2 





Critical 


Test Mixture Mois- Addi- Temperature 








Casting No. Binder ture, % tive, % of Mix, F 
A 13 3 Western Bentonite 3 hs ~ 1870 | 
B 2 $3 Western Bentonite 3 — 1570-1700 
Cc 1 4 Western Bentonite 3 _— 1640 
D 6 4 Western Bentonite 3 \% 1555 

Cereal 
I 8 4 Western Bentonite 2 % *1600-1865 
Cereal 


* For these two mixes there is a range of temperature over 
which the observed strains and expansions are within the limits 
of the apparatus error discussed in Part I. 





defect (Fig. 9). Thus, the relative scabbing tenden- 
cies of the 3 and 4 per cent bentonite sands (moisture 
constant) are observed to be as predicted. 

Casting D was poured in a 4 per cent western ben- 
tonite, 3 per cent moisture, 14 per cent cereal sand, 
and casting E was poured in a 4 per cent western 
bentonite, 2 per cent moisture, 14 per cent cereal 
sand. Both castings showed no scab defect (Figs. 10 
and 11) which confirms the prediction made that 
cereal containing sands would show at least as little 
scabbing tendency as the 4 per cent western benton- 
ite, 3 per cent moisture sand. 


APPENDIX A 
Properties at 2500°F 


A fairly common foundry control test consists of a 
hot compressive test at 2500 F after a 2-min exposure 
at temperature. This test has been and is being used 
in some foundries as a control test for hot-tearing 
tendency, and it was felt that this test should be ap- 
plied to the mixtures studied in this project. 

The appearance of a specimen shock-heated to 2500 
F for a given length of time is often a valuable means 





3% W. BENTONITE 
5% MOISTURE 


Fig. 7—Test casting “A.” 
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3% W. BENTONITE 
3% MOISTURE 


Fig. 8—Test casting “B.” 


4% W. BENTONITE 
V2% CEREAL 
2% MOISTURE 





Fig. 11—Test Casting “E.” 


for estimating the thermal stability of a mold sand 
and, therefore, this was also instituted as an auxiliary 
test to be applied in this project. 

Data on both these tests are given in Table A-1 for 
the mixtures investigated. The mixtures are those 
used in Table 1 of the main report. 

The authors would like to point out that the values 
of hot compressive strengths given in Table A-1 do 
not represent values for specimens at uniform tem- 
perature throughout. A 2-min exposure time, even 
at 2500 F, is not sufficient for the center of the 2 x 
114-in. diameter specimen to reach equilibrium. This 





4% W. BENTONITE 
3% MOISTURE 


Fig. 9—Test casting “C.” 
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Fig. 10—Test casting “D.” 


is shown by Fig. A-1 which indicates the time neces- 
sary at various temperatures for the specimen to reach 
uniform temperature throughout. At 2500 F this time 
is 10 min. 

Fig. A-2 shows the difference in the stress-strain 
curves at 2500 F at exposure times of 2 and 20 min. 


Conclusions 


This report shows conclusive laboratory evidence 
that the maximum temperature at which the expan- 
sion exceeds the allowable deformation varies in dif- 
ferent steel sand mixtures. It was concluded in a 








EXPOSURE TIME, MINUTES 


FURNACE TEMPERATURE, °F. 


Fig. A-1—Time required for specimen to reach uniform 
constant temperature throughout. 


TABLE A-1—PROPERTIES AT 2500 F 








Hot Comp. Str. Test 
Mixture* at2500F, Appearance After Shock Heating Casting 
No. 2-min Exposure, to 2500 F for 25 min No. 
l 95 psi Network of fine cracks eS 
2 99 Network of fine cracks B 
3 73 Network of fine cracks 
4 43 Network of fine cracks 
5 181 Several fine cracks (longitudinal) 
6 65 No cracks D 
7 80 No cracks 
8 55 No cracks E 
9 54 No cracks 
10 66 No cracks 
11 68 No cracks 
12 49 Large cracks on surface 
13 45 Large cracks on surface A 
14 39 Very large cracks—entire surface 
15 31 Very large cracks—entire surface 
16 73 Hairline cracks on length 


*Mixture numbers | to 11 are those used in Table | of main 
report. Numbers 12 to 16 refer to mixtures reported on in 
Reference 1. 





previous report that as this temperature increases, 
the scabbing tendency of the sand increases. This re- 
port offers further confirmation of this conclusion. 
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Fig. A-2—-Hot compressive stress vs. strain. 














APPENDIX B 
Room TEMPERATURE PROPERTIES 
Green Comp. Green Perm. Dry Comp. Dry Perm. Test 
Mixture* Strength, cm‘ Strength cm* Casting 
No. psi gm, sec psi gm, sec No. 
1 4.4 195 24.7 252 C 
2 3.2 203 58.3 261 B 
3 2.2 177 50.3 210 
4 1.2 195 38.0 207 
5 7.5 154 11.2 188 
6 6.2 159 55.5 204 D 
7 8.4 145 >94 202 
8 7.2 122 53.3 151 E 
9 8.7 142 39.8 163 
10 6.1 116 >94 174 
1] 6.8 122 >94 170 
12 4.6 133 >94 191 
13 3.8 136 >94 194 A 
14 2.6 152 82.2 218 
15 1.8 162 63.2 235 
16 3.0 108 69.6 160 


*Mixture numbers | to 11 are those used in Table 1 of main 
report. Numbers 12 to 16 refer to mixtures reported on in 


Reference 1. 
>94. These values indicate the specimen exceeded the test- 
ing range of the machine. 
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EFFECTS OF MELTING FURNACE ATMOSPHERE ON CASTING 
PROPERTIES AND ANNEALABILITY OF MALLEABLE IRON 


By 


E. A. Lange* and R. W. Heine** 


In a previous paper,‘ the authors have reported the 
initial work on an A.F.S. Malleable Division Re- 
search Project aimed at determining the influence of 
melting furnace atmospheres on the properties of 
malleable iron. The present paper offers results ob- 
tained while continuing the work during the past 
year. 

Among the properties studied were the following: 

1. Influence of the furnace gases on chemistry of 
the iron. 

2. Mottling. 

3. Fluidity. 

4. Hot Tearing. 

5. Anneability. 

6. As-Cast Microstructure. 

Since most of the experimental techniques for ob- 
taining data were described in detail in the first 
paper, they will not be recounted except where new 
procedures were employed. 

The reader is referred to Reference 4 in the biblio- 
graphy for a description of the methods of testing for 
mottling, fluidity, hot tearing, pinholing, and for 
the melting cycle and means of developing the fur- 
nace atmosphere. However, a brief review of the 
more general steps will be presented to develop con- 
tinuity of thought in this paper. 

Melting stock for the project consisted of two 
types of white iron sprue; one from a cupola air 
furnace duplexing shop, the other from a foundry 
using the cold melt air furnace process. The duplex 
iron sprue had an average analysis of 2.54 C; 1.30 
Si; 0.41 Mn; 0.147 S, and 0.11 P. The cold melt iron 
sprue had an average analysis of 2.48 C; 1.10 Si; 0.37 
Mn; 0.087 S; 0.126 P. The duplex process iron was 
selected first by the committee for detailed study in 
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determining the principles which form the major 
portion of this paper. The cold melt iron was then 
studied in a limited way with results presented in 
the later part of the report. The melting schedule 
involved the following steps: 

1. Nine-pound heats of white iron were melted 
in magnesia-lined induction melting furnace. Ad- 
justment of carbon and manganese was made by ad- 
dition of graphite and ferromanganese. The crucible 
was then fitted tightly with a cover. 

2. A gas atmosphere was then introduced by pass- 
ing a purified and dried gas into the furnace chamber 
at 2 liters per minute except in the case of air and 
water. Pure gases introduced were CO, CO», N, A, 
and H,O. Dried air was introduced to chamber at 
the rate of 6050 ml per minute in order to maintain 
a carbon oxidation rate of about 100 pt per hour. 
Water atmosphere was generated by evaporating H,O 
from a tube positioned over the metal surface. 

3. After a 1 hr holding period under the atmos- 
phere at temperature, the test castings were poured. 
The temperatures of holding and pouring employed 
were 2700 F and 2900 F. 

As pointed out earlier, the detailed step by step 
procedure in the above melting cycle has been given 
in Reference 4. Data obtained by this procedure 
includes the following: 

1. Change in chemical analyses of the iron over 
the l-hr holding period as influenced by atmosphere 
and temperature. Samples for chemical analyses were 
taken at the beginning, middle, and end of the hold- 
ing period. 

2. Composition of the furnace atmosphere de- 
veloped by each of the pure gases. Samples of the 
furnace atmosphere were taken at intervals during 
holding period. 

3. Fluidity. The modified fluidity spiral developed 
at the University of Wisconsin was used for fluidity 
tests. This fluidity spiral is also described in Ref. 4. 

4. Resistance to hot tearing as measured by the 
hot tear testing device specially developed for the 
project. The hot tear test was described in detail in 
References 3 and 4, reports of the first year of work 
on the project. 
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Tasie 1—HeEats MapeE aT 2700 F Unper CO, 








ATMOSPHERE 
Hot Tear 
Spring Effluent Gas 

Metal Composition Fluidity Deflection Analysis 
HeatNo.° %C %Si %Mn in. 0.000lin. CO, CO 
Q-1-60 2.13 12.6 76 32.7 67.1 
Q-2-0 122 A2 37.8 
Q-2-60 2.46 1.22 43 17.4 73 41.7 
Q-3-60 2.50 16.8 56 48.0 
Q-4-0 121 44 
Q-4-60 2.60 1.21 .45 21.1 47 
Q-5-0 122 44 40.5 
Q-5-60 2.16 121 45 13.7 78 41.9 
Q-6-0 ft Ot 44.9 
Q-6-60 2.49 1.21 45 17.7 47 39.3 
Q-7-0 $42 122 DD 39.7 
Q-7-60 2.77 122 42 24.3 55 34.4 
Q-8-0 2.98 1.22 .44 43.0 
Q-8-60 2.29 121 .42 17.3 56 39.6 
Q-9-60 2.04 12.6 80 35.7 
Q-10-60 2.12 10.9 63 36.6 


* 0 refers to sample taken at beginning of 60-min holding period. 
60 refers to sample taken at end of 60-min holding period. 





TABLE 2—Heats MaApE AT 2700 F UNpER CO 
ATMOSPHERE 





Hot Tear 
Spring Effluent Gas 
Metal Composition Fluidity Deflection Analysis 





Heat No. %C %Si %Mn in. .0.000lin. CO, CO 
K-1-60 2.53 23.0 48 1.14 
K-2-0 260 181 .44 1.23 
K-2-60 2.58 1.32 .43 23.7 49 92 98.9 
K-3-0 2.20 134 42 87 99.1 
K-3-60 2.18 1.31 .43 19.4 — 95 
K-4-60 2.18 18.6 57 56 
K-5-60 2.80 25.1 52 .76 
K-6-0 1.31 48 85 
K-6-60 2.88 1.28 .47 24.8 57 .76 
K-7-60 2.92 27.6 68 a7 
K-8-0 1.30 .43 82 
K-8-60 2.08 1.24 .44 17.1 51 78 
K-9-60 2.08 4 18.3 81 83 
K-10-0 121 43 .93 
K-10-60 2.45 126 48 20.8 50 62 
K-11-60 2.02 15.5 95 .70 





TABLE 6—DatTaA FoR HEATS MApE AT 2700 F UNDER 
H,O ATMOSPHERE 


Fluid- Hot Tear Effluent Gas 
Metal Composition ity, Spring Analysis 
Heat No. %C %Si%Mn in. DeflectionCO, H, CO CH, 








0.0001 in. 
R-1-60 2.44 1.15 19 45 
R-2-0 125 42 
R-2-60 2.41 122 .44 18.9 51 68 42.7 452 58 
R-3-60 1.80 6.5 No break 3.4 45.3 448 6.0 


R-4-0 268 137 © 

R-4-60 2.08 1.18 .43 11.3 76 

R-5-0 a = 

R-5-60 253 122 44 19 40 5.5 45.5 39.7 9.9 
R-6-0 3.36 1.19 .39 

R-6-60 270 121 4 23.3 33 59 46.2 40.2 7.7 


Tasie 3—HeEats Mabe at 2700 F UNpER Np 
ATMOSPHERE 





Hot Tear 
Spring Effluent Gas 
Metal Composition Fluidity Deflection Analysis 





Heat No. %C %Si %Mn in. 0.000lin. CO, CO 
P-r¢ 2.04 13.7 99 

Pp-2° 2.40 20.0 64 

P-3* 2.24 14.0 52 

p-4* 2.50 21.5 55 64 21 
P-5-60 2.39 17.0 32 155 52 
P-6* 2.68 23.5 37 

P-7-60 2.52 — 48 72 ~=.18 
P-8-60 2.13 — 53 86 .29 
P-9-60 2.49 — 54 st. |S 
P-10-60 2.59 — 55 

P-11-0 2.58 1.29 41 

P-11-60 2.53 128 .40 17.8 60 

P-12-60 2.39 16.2 55 0 0 
P-13-60 2.53 18.8 40 19 19 
P-14-0 121 .44 

P-14-60 2.07 121 .44 11.9 101 

P-15-60 2.92 25.9 25 

P-16-0 121 .44 

P-16-69 2.86 128 46 21.2 61 

P-17-0 

P-17-60 2.34 14.8 58 


* Held for 14 hr under N, atmosphere. 





TaB_Le 4—HEAtTs MApE AT 2700 F UNDER A 
ATMOSPHERE 





Hot Tear 
Spring Effluent Gas 
Metal Composition Fluidity Deflection Analysis 





Heat No. %C %S8i % Mn in. 0.000lin. CO, CO 
L-1-60 2.36 43 15.7 77 29 = .09 
L-2-60 2.39 17.4 58 10 = .30 
L-3-60 2.79 23.7 51 a 
L-4-60 z.85 16.0 72 16 48 
L-5-60 2.32 16.9 — . | a 
L-6-60 2.60 19.5 — 25 .30 
L-7-60 2.13 17.1 54 

L-8-60 1.85 14.1 No break 





TABLE 5—HEATs MADE AT 2700 F UNpdER Ho. 
ATMOSPHERE 





Hot Tear 
Spring Effluent Gas 
Fluidity Deflection Analysis 


Metal Composition 
0.0001in. CO, CO 


Heat No. %C %Si %Mn in. 





M-1-60 > | 11.5 85 12.2 868 1.6 
M-2-60 2.58 19.7 71 10.0 86.9 1.1 
M-3-0 2.88 1.30 42 13.1 83.4 3.0 
M-3-60 2.74 125 .43 22.8 72 13.1 85.0 2.5 
M-4-0 250 123 47 18.6 77.9 1.9 
M-4-60 2.40 1.24 .49 18.9 86 15.5 81.3 2.3 
M-5-60 2.01 12.2 62 14.0 60.5 
M-6-0 12 

M-6-60 2.29 1.24 .47 16.1 92 153 824 2.3 
M-7-0 121 .43 14.8 83.0 22 
M-7-60 2.04 122 .45 13.2 93 14.6 83.7 1.7 








The data for items 1-4 above are tabulated in 
Tables 1-13. 

5. Annealability. The tests on the influence of 
furnace gases on annealability will be described later 
in the paper on the section dealing with that sub- 
ject. 


6. Mottling. Mottling tendency was observed in 
the fractured well of the fluidity casting. 

The first paper,* reporting data on the subjects 
listed above, presented information relative to a 
temperature of 2700 F for the 1 hr holding period 
using the duplex melting stock. The current paper 
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TABLE 7—HEAtTsS MApE aT 2900 F UNpER CO, TABLE 10—HeEats Mabe at 2900 F UNDER ARGON 
ATMOSPHERE ATMOSPHERE 
Hot Tearing ‘ Hot Tear 
Spring Effluent Gas Spring Effluent Gas 
Metal Composition Fluidity, Deflection Analysis Metal Composition Fluidity Deflection Analysis 
HeatNo. %C %Si %Mn in. 0.000lin. %Co, Heat No. %C %Si %Mn in. 0.000lin. CO, CO 
U-1-60 1.65 1.74 118 25.0 W-1-60 2.22 28.5 58 1.39 2.70 
U-2-0 3.08 29.2 W-2-60 2.61 33.0 75 1.57 1.82 
U-2-30 2.58 W-3-60 2.38 30.5 55 iss — 
U-2-60 2.10 26.1 80 $0.6 
U-3-0 126 50 
U-3-60 240 1.31 .49 30.4 50 30.6 Tasie 11—Heats Mape at 2900 F UNnper He 
U-4-0 1.29 50 ATMOSPHERE 
U-4-60 2.60 1.31 50 30.8 68 26.2 
U-5-0 1.28 49 Hot Tear 
U-5-60 2.76 126 48 33.2 78 33.0 Spring Effluent Gas 
U-6-0 126 .55 Metal Composition Fluidity Deflection Analysis 
U-6-60 230 131 53 25.1 47 28.9 HeatNo. %C %Si %Mn in. 0.000lin. H, CO CH, 
U-7-60 2.07 26.3 83 27.7 Y-1-0 1.25 43 -. 
U-8-0 3.22 1.29 .49 Y-1-60 224 1.29 44 26.9 66 
U-8-30 2.72 4 “nn Y-2-0 1.30 46 
U-8-60 222 133 50 27.5 68 26.6 Y-2-60 282 131 45 35.5 98 
Y-3-60 2.54 30.9 48 
Taste 8—Heats Mave at 2900 F Unper CO Lees ali —e io aad 
. » -4-0' “4-0/ 4 a. 
ATMOSPHERE Y-5-0 196 
Hot Tearing Y-5-60 2.01 1.28 24.7 66 45.3 48.8 4.66 
Spring Effluent Gas Y-6-0 2.54 126 48 
Metal Composition Fluidity, Deflection Analysis Y-6-60 240 134 48 30.5 47 456 51.3 3.04 
HeatNo. %C %Si %Mn in. 0.000lin. % Co, 
S-1-60 2.18 1.32 28.5 68 Tasie 12—Heats Mabe at 2900 F Unper HO 
$-2-0 1.32 46 ATMOSPHERE 
S-2-60 2.83 1.33 .45 35.5 59 
S-3-0 1.31 .46 Fluid- Hot Tearing Effluent Gas 
S-3-60 2.63 1.29 .46 31.4 61 Metal Composition ity, Spring Analysis 
S-4-0 1.33 .50 HeatNo. %C %Si%Mn in. DeflectionH, CO CO, CH, 
S-4-60 2.48 133 51 29.7 70 0.0001 in. 
5 9 a 
arm i Z-1-60 247 313 60 
$-6-60 218 133 49 26.1 69 2.4 — 6S iOS 
338 999° 131 47 26 Z-2-60 227 131 46 29.1 65 
S-7-30 2.28 2.4 z-5-0 126 48 
§-7-60 298 131 .49 28.3 73 Z-3-60 2.70 1.33 .48 33.3 60 40.2 47.0 8.10 3.31 
S-8-60 2.22 28.5 66 3.87 o40 =a 4 
aaa 131° 49 Z-4-60 192 1.28 48 298 130 
$-9-60 237 1.29 49 30.7 57 3.72 ppd = & 


Z-5-60 2.54 1.30 .47 31.7 63 








TasLe 9—HeEats MapE AT 2900 F UNpDER No 
TABLE 13—-HEATs MADE AT 2900 F UNDER AIR 




















ATMOSPHERE 
ATMOSPHERE 
Hot Tear 
Spring Effluent Gas Hot Tear 
Metal Composition Fluidity Deflection Analysis Spring Effluent Gas 
Heat No. %C %Si %Mn in. 0.000lin. CO, CO Metal Composition Fluidity Deflection Analysis 
=e" TT 30.7 78 290 214 HeatNo. %C %Si %Mn in. 0,000lin. CO, O, CO, 
V-2-0 1.36 54 X-1-60 2.82 26.6 60 194 19 138 
V-2-60 2.75 1.36 .55 35.5 No break 1.43 1.22 X-2-0 122 .44 
V-3-0 132 .49 X-2-60 2.64 1.21 4! 31.5 54 18.2 1.7 2.6 
V-3-60 260 1.32 .48 31.0 72 isi 2 X-3-0 1.25 .45 
V-4-60 2.38 30.1 90* 168 .24 X-3-60 2.88 1.23 .48 35.6 51 184 2.0 
V-5-0 131 52 X-4-60 2.78 $2.0 50 18.8 2.1 
V-5-60 2.00 1.31 51 22.9 72 163 .85 X-5-0 124 45 
V-6-60 2.09 26.9 68 185 58 X-5-60 2.28 1.20 4! — 52 142 66 .64 
V-7-0 132 .49 X-6-60 2.13 27 60 17.6 
V-7-60 227 131 49 27.2 50 172 .74 X-7-0 2.83 1.27 .46 
V-8-0 2.48 1.27 47 1.88 88 X-7-60 2.08 1.16 .42 25.3 64 18.0 22 2.4 
V-8-30 2.45 X-8-0 125 .49 
V-8-60 2.42 1.29 48 30.7 61 X-8-60 2.36 122 .44 29.7 44 156 12 7.6 
* Flash at break. X-9-60 2.46 30.6 50 18.5 2.1 45 
presents data for a holding temperature of 2900 F Composition Changes Caused by Furnace Gases 
using the duplex iron, the principles derived from In all previous work, analyses were made of a suf- 
both sets of data, and results of a limited number of ficient number of heats to show that the composition 


tests of the cold melt iron. of the iron was in control when the properties of 
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fluidity, hot tearing, and mottling were being studied. 
A number of additional analyses were performed to 
positively establish the effects of furnace atmospheres 
on the composition of the melt. However, not all 
heats were analyzed because of their large number. 
For convenience of reference, the chemical analyses 
and other data have been assembled in Tables 1-13. 
The aforementioned tables include all the heats made 
under furnace atmospheres at 2700 and 2900 F. Con- 
sidering all the chemical data in the tables, certain 
conclusions may be advanced. The present informa- 
tion substantiates and extends principles described 
in earlier papers.'? To note their application in the 
present research, these principles are briefly reviewed 
below: 

1. At low temperatures, below 2550 F, silicon in 
the melt controls chemical reactions between the 
iron and its environment: , 

a. Silicon protects carbon from oxidation. 

b. An iron silicate slag or scum is present on the 
melt surface. 

c. Silicon losses occur if FeO is introduced into 
the melt. 

2. At high temperatures, above 2670 F and especi- 
ally above 2800 F, carbon controls reactions between 
the iron and its environment. 

a. Decarburization of the-melt proceeds rapidly if 
an oxidizing atmosphere is present although carbon 
protects silicon from oxidation. 

b. Silicon pick-up occurs when the molten iron is 
in contact with siliceous refractories. 

c. Silicon loss will occur only if iron oxides are 
introduced in the melt. The source may be a slag or 
some other carrier or generator of FeO. 

3. With carbon and silicon both present in the 
iron, the reactions between the melt and its environ- 
ment are dependent on relative concentration, tem- 
perature, and the presence of anything forming iron 
oxide. 
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Fig. 1—Graph showing initial and final silicon percentages 
in duplex iron remelt after holding molten metal iron for 
1 hr at 2900 F under indicated gases in a magnesia crucible. 





EFFECTS OF MELTING FURNACE ATMOSPHERE ON MALLEABLE IRON 

















T i qT ! LU 
INITIAL PERCENT SILICON 
© COs, IHR. AT 2900F 
150 L OHP, IHR. AT 2900F , 
~H, , IHR. AT 2900F 
oN, , IHR. AT 2900F 
F 3 140 4 
o 
| 
a ° 
- ee = 6 
= ts 1 LH f = T 2900F 
. | } 
e T T | 1? 
é > AR 
+ is0l. en 2900F _ 
z —— 
u Pg 
2 "ail 
“hol a 
~) 
< 
- 
z 
1.00 l 1 l 1 i 
1.80 2.00 2.20 2.40 2.60 2.80 


FINAL PERCENT CARBON AFTER | HR AT 2900 F 


Fig. 2—Graph showing initial and final silicon percentages 
in duplex iron remelt after holding molten iron for 1 hr at 
2900 F under indicated gases in a magnesia crucible. 


4. Manganese is protected by carbon at all tem- 
peratures above about 2300 F. Losses occur during 
melting down of the iron or on the introduction of 
FeO as in the case of silicon but to lesser degree. 

The aforementioned principles were established for 
melting conditions involving siliceous refractories. 
Melting in the current A.F.S. project was done in 
magnesia crucibles. Therefore the direct effects of 
the furnace atmospheres on composition changes can 
be studied with lessened danger of obscuring silicon 
losses which can be overshadowed by silicon pick-up 
from the retractory. The present data may be in- 
terpreted with this viewpoint. 

Silicon 

Relative to changes in silicon content of the melt 
the furnace gases appear to act either neutral or oxi- 
dizing at the holding temperature. A graph of the 
final and initial silicon percentages as related to the 
final carbon percentage of the melt, held 1 hr at 2900 
F under CO, COs, and air, is presented in Fig. 1. 
In evaluating Fig. 1, it should be remembered that 
only the final carbon percentage of the melt appears 
on the graph, the initial carbon being substantially 
higher when decarburizing gases were studied. Sev- 
eral conclusions may be gained from Fig. 1. These 
are as follows: 

1. CO and CO, atmospheres are identical in their 
effect on silicon in the melt. A CO, atmosphere 
causes no silicon loss even though it does oxidize 
carbon from the melt rapidly. This, in effect, means 
that carbon in the iron rather than the silicon con- 
trols the reactions of the melt with the CO, atmos- 
phere at 2900 F. This is true for all the gases except 
air. If the initial and final silicon percentages of 
heats made under N, H., and H,O are plotted as in 
Fig. 2, it can be seen these gases act in the same way 
as CO and COs,. 
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2. Air atmospheres can cause oxidation of silicon 
at the 2900 F holding temperature but their effect is 
dependent on the carbon concentration. 

Below about 2.50 C, silicon is oxidized by air but 
above 2.50 C silicon loss virtually ceases. Thus, in the 
cases studied, reactions of air atmosphere with the 
melt at 2900 F are controlled by carbon when the 
carbon content is high, but not when the carbon con- 
tent is low. Had the melting been performed in a 
silica crucible, the silicon losses would have been 
obscured by a silicon pick-up due to silica reduction. 
In previous work,? when melting in a silica crucible 
under an air atmosphere, silicon losses were not noted 
in iron of 1.15 Si until the carbon content dropped 
below 0.87 C at a temperature of 2825 F and below 
0.96 C at 2732 F. The limiting carbon concentration 
which will protect silicon from air oxidation (and 
cause silicon pick-up from siliceous refractories) is 
no doubt a function of: (a) the silicon percentage 
in the iron; (b) temperature; (c) rate of change and 
type of atmosphere; (d) refractory characteristics; and 
(e) presence of FeO as, for example, in a slag. With 
respect to commercial melting, the aforementioned 
circumstances are such that a net increase in silicon 
percentage in the melt should occur unless an ex- 
tremely oxidizing condition (free oxygen) exists in 
the furnace gases. 

3. Using the same melting stock, the level of final 
silicon analyses is lower in heats held at 2700 F than 
in those held at 2900 F under the various atmos- 
pheres, air excepted. In the higher temperature heats, 
the majority of final silicon percentages falls be- 
tween 1.28 to 1.34 pct while at the lower temperatures 
the range is 1.20 to 1.28 pct silicon. 

The foregoing conclusion may be graphically pre- 
sented. Data for initial and final silicon percentages 
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Fig. 3—Graph showing initial and final silicon percentages 

in duplex iron remelt after holding molten iron 1 hr at 

2700 F under gases indicated in a magnesia crucible. 

Dotted curves are for reference to silicon percentage in 
irons held at 2900 F. 
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of heats held 1 hr at 2700 F under various atmos- 
pheres except air is presented in Fig. 3. Included on 
the graph in Fig. 3 are curves showing the upper and 
lower levels of silicon percentages encountered at 
2900 F. It may be observed from Figs. 1 and 2 that 
most silicon percentages in the 2900 F heats varied 
above and below the upper curve in the case of the 
gases not oxidizing to silicon. Figure 3 shows that 
final silicon percentages in the 2700 F heats are sub- 
stantially lower. The difference in temperature, 2700 
F to 2900 F, appears to mean a difference in final sil- 
icon percentage of about 8 to 10 points, higher at the 
higher temperature. 

4. The gases studied, CO, COs, N, He, H.O, A, 
appear to be neutral with respect to reaction with 
silicon in the melt at 2700 F as they were at 2900 F. 

The chemical effects of holding the metal 1 hr at 
2700 F in the air atmosphere were not studied. How- 
ever, the principles applying at 2900 F also apply at 
2700 F since it has been amply demonstrated that 
oxidation of silicon occurs more readily at lower 
temperatures.!.? 

Manganese 

No appreciable losses or gains of manganese per- 
centage in the melt over the l-hr holding period were 
caused by any gas except air at either of the holding 
temperatures. The variations appearing in Tables 1- 
13 are mainly within the range of accuracy of the 
manganese determination. Gains were not expected 
since no source of MnO existed. However, the air 
atmosphere (free oxygen) did cause a definite man- 
ganese loss at lower carbon contents. Apparently, 
the manganese loss is concurrent with silicon oxida- 
tion. A loss of about 3 to 4 points of manganese to 
10 points of silicon occurs at the lower carbon con- 
tents. A similar ratio of silicon and manganese losses 
has been observed in other work when iron oxide 
was added to a molten cast iron at 2700 and 2900 F.! 


Endothermic and Exothermic Oxidation 

A carbon oxidation rate of about 0.8-1.0 pct per 
hr was selected as a control on the oxidation variable 
when carbon loss was a factor caused by the furnace 
gases. This rate was obtained with H,O, CO, and 
also with air atmospheres over the melt. While the 
carbon oxidation rate was the same for the two gases, 
CO, and air, their effect on silicon in the iron was 
quite different. This is believed to be due to the 
difference in mechanism of oxidation caused by the 
two gases. The reaction for oxidation of carbon by 
a CO, atmosphere is as follows: 

(1) C (in iron) + CO, = 2 CO. 
Reaction (1) is an endothermic process. Furnace gas 
analyses show CO to be the major constituent im- 
mediately formed when CO, is introduced as the 
furnace atmosphere. 

When air is introduced as the atmosphere, possible 
reactions are the following: 

(2) C (in iron) + O, = CO, 

(3) C (in iron) + O, = 2 CO; 

(4) Fe + O. = 2 FeO; 

(5) xFeO + Si (in iron) = zFeO-ySiO, + Fe. 
When air is used to oxidize the iron the furnace gas 
analyses always show a high CO, content so that re- 
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action (2) rather than (3) prevails. The former is 
an exothermic reaction. At lower carbon contents, 
silicon loss occurs and a silicate slag forms, evidence 
that reactions (4) and (5) are occurring. The latter 
reactions are also exothermic. Thus a basic differ- 
ence in the type of oxidation, exothermic or endo- 
thermic, may exist, even with the same carbon oxida- 
tion rate. Therefore, carbon loss cannot be used as 
the only measure of the severity of oxidizing condi- 
tions in melting. Net changes in silicon content make 
a better distinction of the degree of oxidizing or re- 
ducing conditions which have prevailed during the 
period that the metal bath is above 2600 to 2700 F. 


Thermodynamics of Chemical Reactions 


Thermodynamic calculations may be employed to 
show agreement between the theory of chemical com- 
position changes and the experimental data obtained 
in this research on reactions between the melting 
environment (gases and refractory) and the metal. 
The calculations are not included in this report. 
However, it is worthwhile to note that in this re- 
search work the composition changes occurring dur- 
ing melting follow well defined chemical laws and 
are therefore known to be under control. 


Conclusions 
(Composition Changes Caused by Furnace Gases) 

Considering the principles of chemical reactions 
between furnace gases and molten iron as observed 
in laboratory melting, certain generalizations may be 
advanced relative to commercial melting. These are 
given below: 

1. No silicon losses will occur at elevated tempera- 
ture unless free oxygen exists in the furnace gases 
(or FeO is introduced from some source). Carbon 
dioxide, CO, N, H,O have negligible effects on the 
silicon or manganese in the iron. 

2. Net changes in silicon content are the best mea- 
sure of the severity of oxidizing or reducing condi- 
tions which have prevailed during an elevated tem- 
perature holding period in a furnace. A silicon loss 
or a pick-up of only a few points per hour in an acid- 
lined furnace means that the rate of silicon oxida- 
tion (due to gases or slag) is exceeding the rate of 
silica reduction. Normally, a silicon pick-up of 0.10- 
0.20 pct per hr is anticipated, 

3. Raising the temperature during the refining 
stage of melting results in a higher silicon recovery; 
the increase amounting to 8 to 10 points as tempera- 
ture is raised from 2700 to 2900 F. 

4. Silicon losses caused by exothermic oxidation 
are accompanied by a small manganese loss, about 3 
to 4 points of manganese to 10 points of silicon. 

5. An indirect effect of oxidizing conditions which 
decarburize the melt endothermically is to make the 
iron more susceptible to exothermic oxidation (of 
silicon and manganese) if the furnace atmosphere 
should change in that direction by carrying free 
oxygen. 

6. It is probably true that commercial furnace 
gases exert their greatest influence on composition 
of the iron by the effects of the gases, especially CO», 
during the melting down period. It is during melting 


TABLE 14—-DaTA FoR HEATS MADE WITH CoLp MELT 








IRON SPRUE 
Hot tear 

Holding & Metal | Spring 

Pouring Gas Atmos- Composition Fluidity, Deflection 
Heat No. Temp., F phere %C %Si in. 0.0001 in. 
CK-1-60 2700 co 2.47 19.3 28 
CK-2-60 2700 co 2.72 23.2 40 
CK-3-60 2700 co 2.31 1.08 17.5 52 
CS-1-60 2900 co 2.35 1.11 30.0 59 
CS-2-60 2900 co 2.63 33.2 55 
CP-1-60 2700 Ne 2.33 1.10 14.6 50 
CP-2-60 2700 Nz 2.54 19.5 41 
CV-1-60 2900 Ne 240 1.11 28.8 62 
CV-2-60 2900 Nz 2.57 31.4 55 

Air open 

H-4 2700 crucible 2.33 1.05 55 
H-1 2700 % 2.53 51 
H-7 2700 # 2.74 55 
CX-1-0 2900 Air 342 1.10 
CX-1-60 Circulating 2.79 1.13 34 50 
CX-2-0 2900 Air (3.47) 1.09 
CX-2-60 Circulating 2.96 1.10 36.9  nobreak 
CX-3-0 2900 Air Directed 3.26 1.02 
CX-3-60 tosurface 3.06 397 284 no break 
CX-4-0 2900 Air Directed (3.45) 968 
CX-4-60 tosurface 2.87 397 30.2 no break 
CX-5-0 2900 Airopen (3.28) 1.08 
CX-5-60 crucible 2.46 1.06 27.6 60 
CX-6-0 2900 Airopen (3.48) 1.08 
CX-6-60 crucible 2.79 1.09 32.6 42 





down that iron oxide is most easily formed and this 
oxide can oxidize silicon and manganese from the 
iron at any temperature. 

7. With respect to the refining or high tempera- 
ture stage of melting practices, furnace atmospheres 
may be defined in the following way: 

a. Oxidizing. Oxidizing conditions in the melting 
furnace atmosphere refer to furnace gases which 
cause exothermic oxidation of the metal (formation 
of silicon, manganese, and iron oxides). Such condi- 
tions are due to free oxygen in the furnace gases. 

b. Decarburizing and endothermically oxidizing. All 
practical melting furnace atmospheres are decarbur- 
izing or endothermically oxidizing regardless of their 
composition since they contain a substantial percent- 
age of COp. 

3. Reducing. In a practical sense, reducing atmos- 
pheres are those which result in a minimum rate of 
carbon oxidation (endothermic). Truly reducing 
furnace atmospheres which cause the reduction of 
oxides do not exist. High temperatures, maximum 
CO percentage, and minimum percentage carbon 
dioxide in the furnace gases are the closest approach 
to reducing conditions. 

The definitions above apply to the refining or high 
temperature stage of melting. Different conditions 
prevail during melting down than in the refining 
stage. 

Furnace Atmospheres and Mottling Tendency 

The influence of melting furnace gases on mottling 
tendency of the iron was studied by noting the frac- 
tured surface of the well of the fluidity casting. This 
is a 114-in. diam section. The carbon ranges for 
white, scattered mottled, highly mottled, and gray 
fractures are tabulated in Table 15. The table shows 
that in remelted duplex iron, at equivalent silicon 
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percentages and a holding temperature of 2900 F, 
scattered mottling begins at 2.40 C with a CO, fur- 
nace atmosphere; at 2.48 C for a CO atmosphere; at 
2.60 C for N atmosphere; and at 2.78 C for an air 
atmosphere; and above 2.70 to 2.84 C for water vapor 
and hydrogen atmospheres. If the composition crite- 
rion is %.C+-% Si rather than %C alone, the figures 
in the foregoing cases are CO», 3.71; CO, 3.81; N, 3.92; 
and air, 4.01. Comparing the mottling tendency on 
this basis for molten iron temperatures of 2700 F 
and 2900 F and the various gases, the following con- 
clusions may be advanced as applying to the remelted 
duplex iron: 

1. Mottling occurs at minimum carbon percentages 
when holding the molten iron under CO or COz at- 
mospheres (at the same or comparable % Si). 

2. CO and CO, are virtually equivalent to each 
other in their effect on mottling tendency. When a 
pure CO, atmosphere is introduced over the melt it 
quickly reacts to form a furnace atmosphere rich in 
CO (see data in Tables 1 and 12). Therefore, vary- 
ing CO-CO, ratios in atmospheres would not alter 
mottling tendencies significantly from those caused 
by pure CO, or CO. 

3. Melting under nitrogen or argon atmospheres 
markedly decreases mottling compared to CO-CO, 
atmospheres (shifts to higher carbon percentage) . 
This may be due to an absence of CO rather than a 
direct carbide stabilizing effect since it is caused by 
both N and A. 


TaBLe 15—-Errect oF HOLDING FURNACE ATMOSPHERE 
ON MOTTLING IN WELL OF FLurpiry CASTING 





Carbon and Silicon Per cent and Extent of Mottling 











Highly Scattered None, white 
Gray Mottled Mottle Fracture 
Holding 2700 2900 2700 2900 2700 2900 2700 2900 
Gas Atm. F F F F F F F F 
C 2.80 2.83 2.63 2.53 248 2.45 2.37 
co Si 1.33 1.29 1.33 1.26 1.29 
Cc 2.72 2.63 
co* Si 
C 2.77 2.76 2.60 2.60 2.50 240 2.46 2.30 
co, SS 122 126 i2l 132 (2) 191 122 13) 
Cc 2.86 2.75 2.59 260 2.53 2.42 
Nz Si 1.28 1.36 1.32 1.28 1.29 
Cc 2.54 2.57 
N,* Si No Data 
C 2.60 2.61 2.40 2.38 
A Si 
Cc 2.70 2.70 
H,O Si 1.21 1.33 
Cc 2.74 2.82 
H, Si 1.25 1.31 
Cc 2.88 2.78 2.64 
Dry AIR? Si 1.23 1.23 1.21 : 
Cc 2.96 2.79 
Dry AIR®™ Si 1.10 1.13 
Cc 3.06 
Dry AIR*? Si 0.40 
c 2.79 
Dry AIR** Si 1.09 


* Cold-melt Iron Remelt; all others Duplex Iron Remelt 
* AIR at 6 liters per min. circulating over melt surface. 
* AIR at 6 liters per min. directed at melt surface. 

8’ AIR—normal circulation with open crucibie. 
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4. Air, an atmosphere containing free oxygen, 
markedly increased the resistance to mottling. Oxi- 
dizing melting conditions stabilize the carbide during 
the freezing process. 

5. Hydrogen and/or water vapor, as the furnace 
atmosphere, promotes maximum resistance to mot- 
tling. 

6. There is little influence of temperature on mot- 
tling tendency since the carbon content for mottling 
is the same at both holding temperatures or, if any- 
thing, mottling occurs at lower carbon content at 
the higher temperature. 

7. Superheating or increasing the temperature 
alone does not directly change the mottling tendency 
of the iron. Superheating acts indirectly through the 
effect of temperature on the reactions between the 
molten metal and the furnace atmosphere. 

8. The minimum carbon content at which mot- 
tling occurred in the duplex iron was at 2.40 C (1.31 
Si) after holding | hr under a CO, (forms CQ) at- 
mosphere. This borderline combination of carbon 
and silicon at which mottling occurred agrees closely 
with the information presented by Schneidewind and 
McElwee,® for a 1.25-in. diam section. The current 
work demonstrates that this carbon content for mot- 
tling may be raised to higher than 2.82 C (1.31 Si) 
depending on the gas atmosphere over the metal. The 
lowest carbon value probably represents a hase level 
for the silicon content present in the duplex iron. 
Thus the furnace atmosphere is one of the very sig- 
nificant factors which determines the actual carbon 
content for mottling (at a given silicon level) and 
can raise it substantially above the base or minimum 
carbon content for mottling. 

Furnace Atmospheres and Fluidity 

Fluidity spiral castings were poured from each 
controlled atmosphere heat at temperatures of 2700 
F and 2900 F. Fluidity in inches spiral length is given 
in Tables 1-13 for each heat. Individual graphs re- 
lating fluidity and carbon content for iron held at 
2700 F under each gas of interest, CO, CO», N, A, 
H.O vapor, Hy», and air, were presented in Reference 
4. For a temperature of 2900 F, the fluidity graphs 
for each gas studied are presented in Figs. 4 and 5. 
These graphs show decreasing fluidity with decreas- 
ing carbon percentage in the iron and of course 
apply only to the remelted duplex iron with a sili- 
con percentage of approximately 1.30 pct. By assum- 
ing an approximately straight line relationship of 
fluidity and carbon percentage, the idealized fluidity 
curves for each gas atmosphere may be compared as 
in Fig. 6. At 2700 F, iron held under a carbon mon- 
oxide furnace atmosphere has definitely increased 
fluidity compared with iron held under other fur- 
nace gases. However, at 2900 F this marked differ- 
ence disappears. Higher temperature thus causes 
the fluidity property to lose sensitivity to the furnace 
atmosphere. Increased fluidity under CO at the 2700 
F holding temperature appears to be a direct effect 
of this gas. Increased solubility of CO in the iron at 
the holding temperature of 2900 F may be the reason 
for the absence of any appreciable affect of the other 
furnace atmospheres at that temperature. 
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Fig. 4—Graphs showing fluidity of duplex iron remelt at 

various carbon levels after holding molten iron under 
gases indicated for 1 hr at 2900 F. 


The idealized graphs, Fig. 6, showing the relation- 
ship between percentage carbon and fluidity when 
the duplex iron is held at 2700 F and 2900 F for 1 
hr under CO, CO., H2O, Ho, N, A and air atmos- 
pheres may be used for comparison purposes. A sum- 
mary of the influence of furnace atmosphere, carbon, 
and temperature on change in length of the fluidity 
spiral is presented in Table 16. 


‘TABLE 16—EFFECT OF CARBON CONTENT, FURNACE 
ATMOSPHERE, AND TEMPERATURE ON FLUIDITY 





Aver. Change in Aver. Change in Aver. Change in 
Fluidity per Fluidity per Fluidity per 





Gas 10 pts 10 pts 100 F, 
Atmosphere C at 2900 F,in. Cat2700F,in. 2700-2900 F, in. 
co 1.1 1.1 3.9 
co, 1.1 1.5 6.5 
N; 1.2 1.4 6.5 
Air 1.0 iB 4.6 
H,O 1.1 1.9 5.8 
H, 1.3 1.3 5.9 





An over-all picture of the influence of all furnace 
atmospheres on fluidity is best obtained by plotting 
all data on one graph, as in Fig. 7. Comparison of 
fluidity at a common temperature is necessary and 
this can be done using the information in Table 16. 
For comparison, the fluidity for each heat at 2700 F 
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Fig. 5—Graphs showing fluidity of duplex iron remelt at 
various carbon levels after holding molten iron under 
gases indicated for 1 hr at 2900 F. 


was adjusted to 2900 F, using the temperature effect 
figures in Table 16. Then the fluidity of all heats at 
both temperatures are plotted on one graph as a 
function of carbon content, Fig. 7. Figure 7 shows 
that a carbon range exists, 2.36-2.60 pct C, wherein 
there is a minimum fluidity variation due to furnace 
atmosphere or change in carbon percentage. Above 
and below this carbon range fluidity is more in- 
fluenced by carbon percentage and furnace atmos- 
phere. Furthermore, Fig. 7 seems to prove that the 
assumption of a straight line fluidity relationship 
does not strictly hold in the carbon range of white 
cast irons. A definite jog in the fluidity-carbon con- 
tent curve exists at 2.36-2.60 pct C. This effect is 
especially well illustrated if only the data for CO 
and CO, atmosphere heats are plotted as in Fig. 8. 

The idealized curves for comparison purposes can 
now be redrawn as in Fig. 9, having a jog in the 
vicinity of 2.36-2.60 pct carbon. The relative posi- 
tions of the curves in Fig. 9 show the following ef- 
fects: 

1. At high carbon contents, more than 2.60 pct, 
fluidity at 2900 F is slightly decreased by oxidizing 
conditions (air) and increased by reducing condi- 
tions (CO). 

2. At low carbon contents, less than 2.30 pct, oxi- 
dizing conditions increase fluidity while reducing con- 
ditions decrease it slightly. The idealized curves in 
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Fig. 9 are presented for comparison with the ideal- 
ized fluidity curves in Fig. 6 where a linear fluidity 
carbon content relationship was assumed for 2900 F. 
The assumption appears untenable. 

The experiments with the influence of melting 
furnace atmospheres on fluidity of the duplex white 
iron permit the following conclusions to be advanced: 

1. Temperature is the most important factor in- 
fluencing fluidity. Higher temperatures cause the 
metal to be less sensitive to furnace atmospheres. 

2. At the higher temperature, carbon monoxide- 
carbon dioxide ratios in furnace atmospheres have 
little direct effect on fluidity since it is virtually the 
same under either pure gas for iron of a given car- 
bon content, see Fig. 8. 

3. The critical carbon range of 2.35-2.60 pct car- 
bon is probably the second most important factor in- 
fluencing fluidity. The fluidity is least affected by the 
furnace atmosphere in this critical carbon range. 

4. An indirect effect of oxidizing conditions is to 
cause the iron to reach the low carbon range below 
2.35 pct where fluidity is lower and more sensitive 
to furnace atmospheres. Reducing conditions would 
indirectly favor the opposite effect. Indirect effects 
of furnace atmospheres are the result of composition 
changes of the iron. 
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Fig. 6—Graphs showing effect of furnace atmosphere on 

fluidity of duplex iron remelt after holding molten iron 

under gases indicated for 1 hr. The straight lines are 
idealized representations of the data. 
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Fig. 7—Plot of fluidity data for duplex iron remelt after 

holding molten iron for 1 hr under gases indicated. Fluid- 

ity data for iron poured at 2700 F was adjusted to a 
pouring temperature of 2900 F with the aid of Table 16. 


5. The effect of increasing temperatures between 
2700 F to 2900 F on fluidity is least under a pure 
CO atmosphere. 

Hot Tearing 


Hot tear test castings were poured from each con- 
trolled atmosphere heat after 1 hr at 2700 F or 2900 
F. The hot tear testing machine spring defiector, in 
ten thousandths of an inch, is equivalent to the 
pounds load necessary to cause tearing of the cast- 
ing, Reference 3. The spring deflection values are 
given in Tables 1-13. Calculation of the strength or 
resistance to tearing is made by dividing the spring 
load by the test sample area. 

Data for 2900 F—Individual graphs relating hot 
tearing tendency and carbon content for iron held 1 
hr at 2700 F under each gas, were presented in Ref- 
erence 4. The 2700 F temperature data will be dis- 
cussed again later when all the data are considered. 
The new data for a holding temperature of 2900 F 
could also be presented on individual graphs of car- 
bon content and hot tearing tendency. However, for 
simplification and summary purposes all the data for 
2900 F were plotted on one graph, Fig. 10. This 
graph shows the relation between carbon percentage 
and hot tearing resistance under a variety of furnace 
atmosphere conditions. A study of this graph and 
the data permits the following conclusions relative 
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Fig. 8—Plot of fluidity data for duplex iron remelt held 

for 1 hr under a CO or CO, atmosphere. Fluidity data 

for iron poured at 2700 F was adjusted to a pouring tem- 
perature of 2900 F with the aid of Table 16. 


to the holding and pouring temperature of 2900 F: 

1. A carbon range of minimum hot tear resistance 
exists. 

2. In the low carbon range, hot tear resistance is 
affected by furnace gases as follows: 

a. Melting in air (oxidizing) decreases resistance 
to hot tearing. 

b. Nitrogen and argon lower hot tear resistance; 
probably indirectly, since both are equally effective. 
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Fig. 10—Graph showing hot tear strength of duplex iron 
remelt at various carbon levels after holding molten iron 
for 1 hr at 2900 F under furnace gas atmosphere indicated. 


36 





EFFECTS OF MELTING FURNACE ATMOSPHERE ON MALLEABLE IRON 





34/L 


32 


30}. 


FLUIDITY-INCHES 
S @ 
T T 


nm 
> 
' 


22L 





20 





T 
co A 


hs 


, 
/ 


4 


— co 
enataats co, 
a —-— AIR 

—— No 


—~-— 1,07 





1 j 1 lL 1 





20 2.2° 24 2.6 28 
PER CENT CARBON ms 


Fig. 9—Graphs showing effect of furnace atmosphere on 

fluidity of duplex iron after holding 1 hr at 2900 F. Curves 

are idealized representations of fluidity vs carbon content 
and show the jog discovered in Figs. 7 and 8. 
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Fig. 11—Contraction vs time curves from hot tear test of 
duplex iron remelt after holding molten iron for 1 hr at | 


2900 F under a H, atmosphere. 
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Fig. 12—-Graph showing effect of temperature on hot tear 
strength of duplex iron remelt held under an air atmos- 
phere for 1 hr. 


c. CO, COs, and H,O furnace gases raise hot tear 
resistance. 

3. In the high carbon range, hot tear resistance is 
affected by furnace gases as follows: 

a. Melting under air (oxidizing) atmospheres 
lowers hot tear resistance. 

b. Melting under CO, COs, N, A, and Hy, atmos- 
pheres raises hot tear resistance. 

4. High carbon irons, above 2.40 pct, melted under 
reducing conditions show a greater hot tear resistance 
than low carbon irons, 2.10 to 2.40 pct carbon, 
melted under oxidizing conditions. This is a signifi- 
cant point because the lower carbon percentages are 
reached in melting under abnormal highly oxidizing 
conditions. 

5. Melting under oxidizing conditions lowers hot 
tearing resistance while reducing conditions improve 
it at all carbon levels for a holding temperature of 
2900 F. 

The hot tearing properties of metal under hydro- 
gen atmospheres after 1 hr at 2900 F were very er- 
ratic, possibly because of the rapid evolution of this 
gas during freezing of the iron. This is evidenced 
by the unique time-contraction curves shown in Fig. 
11. The left hand curve in Fig. 11 is the usual time- 
contraction hot tearing curve. The discontinuities 
appearing in some of the contraction curves in Fig. 
11 result from a breaking and rewelding during hot 
tearing. Thus, in high carbon irons, either gas evolu- 
tion during freezing or graphite formation serve to 
raise resistance to hot tearing. 

Review of Hot Tear Data for 2700 F and 2900 F— 
An over-all picture of the influence of the various 
atmospheres on hot tearing tendency can be obtained 


if all the data are plotted on three separate graphs 


as in Figs. 10, 12 and 13. Figure 10, as discussed ear- 
lier, shows the influence of the various furnace at- 
mospheres on het tearing when the metal is held at 
2900 F for 1 hr. The effects of air atmospheres (exo- 
thermic oxidatiea) on hot tearing when the metal is 
exposed at 2700, 2800, and 2900 F is shown in Fig. 
12. Figure 12 includes data obtained with 3-lb heats 
described in Reference 3 and 4 as well as the 9-lb 
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holding furnace atmospheres on hot tear strength of 
duplex iron remelt held for 1 hr at 2700 F. 


heats of this paper. The influence of N, A, CO, CO», 
and H,O atmospheres at 2700 F is depicted in Fig. 
13. Hot tearing properties of metal melted under 
H, have not been shown in Figs. 12 and 13 because 
of the erratic effects caused by this gas. 

Certain principles may be advanced if all the data 
and the aforementioned graphs are considered. A car- 
bon percentage of minimum resistance to hot tearing 
exists for several of the atmospheres as given in 
Table 17. 

TABLE 17—-EFFECT OF TEMPERATURE AND FURNACE 
ATMOSPHERE ON CARBON PERCENTAGE AND MINIMUM 
Hot ‘TEARING STRENGTH OF DUPLEX IRON 





% Cat Min. Min. Hot Tearing Strength, psi 


Gas ; / 
Atmosphere 2700 F 2900 F 2700 F 2900 F 
N, A 2.53 2.28 240 250 
co, 2.54 2.40 245 250 
co 2.53 2.37 240 280 
Air* 2.60 2.42 180 220 
H,O 2.70 plus 2.35-2.45 165 300 

H, Erratic** 


* 2800 F, 2.48% C @ 160 psi. 
** Rapid evolution during freezing suspected cause. 





Table 17 shows that the effect of the temperatures 
under N, A, CO, CO, and air atmospheres is to shift 
the minimum point to lower carbon percentages. 
Strength at the minimum point is not as low at the 
higher temperature as it is at the lower temperature 
of holding. An exception noted is hydrogen. With 
carbon percentages above or below that at which hot 
tearing strength is at a minimum, the iron appears to 
be more sensitive to furnace atmospheres. Therefore, 
the effects of the furnace gases on hot tearing are 
considered at carbon percentages relative to the mini- 
mum range; i.e., high or low carbon irons. Relative 
to the minimum point the effects of furnace atmos- 
pheres can be summarized as in Table 18. 

Since A and N have identical effects on the iron, 
it is believed that nitrogen itself has little direct ef- 
fect on the iron with respect to hot tearing. It fol- 
lows that the influence of air is a result of oxygen 
diluted with nitrogen. 
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TABLE 18—-EFFECT OF FURNACE ATMOSPHERE AND 
TEMPERATURE ON Hor TEARING STRENGTH* 





Temper- Low Carbon Iron, High Carbon Iron, 
ature 2.00 to 2.30% C. more than 2.45-2.50% C. 





2700F 1. CO, CO,, N, A produce 1. N, A, CO, CO produce 
lower hot tearing high hot-tear strength. 
strength. 2. Air and H,O lower 

. Air and H,O cause in- strength to a minimum, 
creased strength, Fig. 13. 
Fig. 13. 


n 





2900 F 1. Maximum strength is 1. N, A, CO, favor maxi- 
produced by CO, H,O, mum strength. 
CO,, Fig. 10. 2. Intermediate strength 
2. Minimum strength is results from CO and 


produced by air, N, H,O, Fig. 10. 

A, Fig. 10. 3. Minimum strength is 
caused, favored by air, 
Fig. 12. 


* Mottling is an additional factor in hot tearing of irons at 
high carbon contents. 





Free oxygen can be an effective furnace gas caus- 
ing lowered hot tearing resistance especially in inter- 
mediate and high carbon irons. On the other hand, 
carbon monoxide and carbon dioxide produce re- 
sults closely paralleling each other. Both cause in- 
creased resistance to tearing as compared to an air 
atmosphere when the metal is held at the higher 
temperature, 2900 F. Thus it appears that two types 
of furnace atmospheres are effective in changing hot 
tearing tendency. One type may contain free oxygen. 
The other type contains carbon oxide gases but no 
free oxygen. Water vapor has effects like both types 
of atmospheres, since at lower temperatures it be- 
haves like an air atmosphere and at higher tempera- 
tures it parallels the effects of a CO atmosphere. 

In low carbon irons at the 2700 F temperature, air 
causes a higher hot tear resistance than the carbon 
oxide gases, and N, or A atmospheres. However, at 
the 2900 F holding temperature a lower resistance to 
tearing is caused by air than the carbon oxide gases. 
The cause of this reversal is not known. 

The ideas discussed in the foregoing paragraph are 
presented graphically in Fig. 14 which was derived 
from the graphs in Figs. 10, 12, and 13. In Fig. 14, 
reducing melting conditions refer to a combination 
of atmosphere, carbon content, and temperature such 
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Fig. 14—-Summary graph showing effect of holding furnace 
atmosphere and temperature on hot tear strength of 
duplex iron remelt at various carbon levels. 


that the possibility of metal oxidation (exothermic 
type) is at a minimum and the CO content of the 
furnace atmosphere is high. On the other hand, oxi- 
dizing conditions refer to an atmosphere where free 
oxygen may be present and the possibility of exo- 
thermic oxidation of the metal is high. The two ex- 
tremes of furnace atmospheres can cause the varia- 
tions in resistance to hot tearing shown in Fig. 14. 


Summary—The experiments with the influence of 
melting furnace atmosphere on the hot tearing ten- 
dency of the duplex iron permit the following con- 
clusions to be advanced: 

1. Melting furnace atmospheres can cause wide 
fluctuation in the strength developed during freezing 
of the iron at all carbon percentages (more than 100 
pct variation in strength). 

2. A carbon range of minimum hot tearing re- 
sistance exists for the duplex iron and in these tests 
falls between 2.28 and 2.60 pet C, depending on 
furnace atmosphere and holding and pouring tem- 
peratures. 

3. Resistance to hot tearing in the high carbon 
range is increased by reducing melting conditions and 
higher temperatures. 

4. Melting under oxidizing conditions (exothermic) 
at high temperature lowers hot tear resistance at all 
carbon percentages, 

5. High carbon irons, above 2.40 pct, held under re- 
ducing conditions at high temperature show a greater 
resistance to hot tearing than low carbon irons, 2.10- 
2.40 pct C, held under oxidizing conditions. This is a 
significant point because the lower carbon percentages 
may be reached under oxidizing melting conditions. 

6. Water vapor has a temperature dependent effect 
on the hot tearing tendency of the irons. At low 
temperatures it produces effects like those of air. At 
higher temperatures it seems to have no effects differ- 
ent from a reducing atmosphere, i.e., high tempera- 
ture corrects for water vapor effects. 

7. On the basis of the pure gas atmosphere tests, it 
appears that the possible effect of the combustion 
gases on hot tearing tendency could be grouped as 
follows: 

a. Oxidizing, at a maximum when free oxygen 
exists in the gas. 

b. Reducing, absence of free oxygen and gener- 
ally accompanied by a high percentage of CO. 

c. Water vapor effect, functions like “a” above at 
low temperature and like “b” above at high 
temperature. 

8. Hydrogen produces erratic results sometimes 
causing high resistance to hot tearing and other times 
strength in the normal range. 


Contraction Rate in Hot Tearing—The rate of con- 
traction of a casting during cooling may profoundly 
influence the tendency for hot tearing. The slope of 
the time-contraction curve obtained from the hot tear 
test may be used as a measure of the contraction rate, 
a procedure which has been described in Reference 3. 
The contraction rate value in 0.00010 in. per sec was 
obtained by determining the slope of the time-con- 
traction curve during the straight line portion of the 
curve; a typical curve being the lefthand one in Fig. 
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TABLE 19—INITIAL CONTRACTION RATES OF THE Hot 
TEAR CASTING POURED FROM DuPLEX IRON REMELT 
AFTER HOLDING THE MOLTEN IRON FOR | HR aT TEM- 
PERATURE UNDER THE GAS ATMOSPHERE INDICATED 
Holding Furnace Conditions 


Contraction Rate, 





Contraction Rate, 





Heat No. 0.0001 in./sec. Heat No. 0.0001 in./sec. 
Atm. CO,; Temp 2700 F Atm. CO; Temp. 2700 F 
Q- 1 5.0 K- I 3.3 
Q- 2 3.5 K- 2 $.2 
Q- 3 3.5 K- 3 3.5 
Q- 4 3.2 K- 4 3.3 
Q- 5 4.6 K- 5 2.3 
Q- 6 2.5 K- 6 2.7 
Q-7 3.5 K- 7 3.0 
Q- 8 $2 K- 8 3.4 
Q- 9 3.3 K- 9 3.8 
Q-10 5.0 K-10 3.0 
Atm. N—2700 F K-11 3.3 
p- 1* 46 Atm. A—2700 F 
P- 2° 4.0 L- | 3.7 
P- 3* 3.4 L- 2 3.3 
p- 4* 3.8 L- 3 3.8 
P- 5 5.0 L- 4 4.3 
P- 6* 23 L- 5 3.0 
P- 7 2.7 L- 6 2.5 
P- 8 5.0 L- 7 3.4 
P- 9 3.6 L- 8 3.8 
P-10 2.0 Atm. H,—2700 F 
P-11 2.0 M- 1 2.7 
P-12 3.4 M- 2 2.2 
P-13 2.5 M- 3 2.4 
P-14 5.0 M- 4 3.1 
P-15 2.1 M- 5 2.0 
P-16 2.8 M- 6 2.8 
P-17 3.3 M- 7 3.4 
* Held for 14 hr. under N, atm. Atm. H,O—2900 F 
Atm. H,O—2700 F Z- 1 3.5 
R- 1 2.3 Z- 2 3.2 
R- 2 3.0 Z- 3 2.6 
R- 3 4.3 Z- 4 2.5 
R- 4 4.0 Z- 5 2.7 
R- 5 2.0 Atm. H.; Temp. 2900 F 
R- 6 2.5 Y-1 2.9 
Atm. CO,; Temp. 2900 F Y-2 2.2 
U-l 2.7 Y-3 2.3 
U-2 4.4 Y-4 2.3 
U-3 3.0 Y-5 $.2 
U-4 $2 Y-6 2.5 
U-5 2.9 Atm. N; Temp. 2900 F 
U-6 3.2 V-] 3.1 
U-7 3.3 V-2 21 
U-8 3.5 V-3 28 
Atm. A; Temp. 2900 F V-4 4.2 
W-l 3.3 V-5 3.9 
W-2 2.0 V-6 3.5 
w-3 2.8 V-7 2.5 
Atm. CO; Temp. 2900 F V-8 2.5 
S-1 3.4 Atm. Air; Temp. 2900 F 
S-2 2.7 X-l 3.1 
S-3 3.3 X-2 2.6 
S-4 3.2 X-3 1.7 
S-5 3.8 X-4 2.1 
S-6 3.6 X-5 3.0 
S-7 3.6 X-6 3.4 
S-8 3.6 X-7 3.2 
S-9 2.2 X-8 2.8 
X-9 2.6 





11. Contraction rates for the atmosphere heats at both 
temperatures are provided in Table 19. These rates 
are related to carbon content of the duplex iron as 
illustrated in Fig. 15 and 16. From the data and Figs. 
15 and 16 a number of conclusions may be stated as 
follows: 
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Fig. 15—Graph showing initial contraction rate of hot 
tear castings poured from duplex iron remelt held for 1 
hr at 2700 F under gases indicated. 
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Fig. 16—Graph showing initial contraction rate of hot 
tear castings poured from duplex iron remelt held for 1 
hr at 2900 F under gases indicated. 


1. Under all atmospheres and at both holding tem- 
peratures contraction rate during freezing and tearing 
of the test casting decreases with increasing carbon 
percentage in the duplex iron. 

2. A hydrogen furnace atmosphere produces mini- 
mum contraction rates at all carbon levels. The lower 
contraction rate is probably due to gas evolution dur- 
ing freezing. 

3. For the iron held at 2900 F under the various 
atmospheres there appears to be a critical carbon 
range at about 2.30 to 2.40 C, having a minimum con- 
traction rate. Under CO-CO, atmospheres the mini- 
mum occurs at 2.37 C, while under N atmosphere it 
occurs at 2.30 C. It is noteworthy that the properties 
of contraction rate, fluidity, and resistance to hot tear- 
ing all have critical carbon ranges of similar magni- 
tude. 

4. At a holding temperature of 2700 F, the point of 
inflection (carbon range for minimum contraction 
rate) is not so well defined but it does seem shifted 
to a high carbon range, approximately 2.50 to 2.60 C. 


Annealability 
The study of the nature of the response to malle- 
abilizing heat treatment in white iron held for one 
hour at 2700 F and 2900 F under various furnace 
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atmospheres was begun with metal in castings remain- 
ing from the studies on fluidity, hot tearing, and 
mottling. 

Experimental Procedure—Samples were cut from the 
4-in. diam shank section of the hot tear castings. 
White irons at three carbon levels, 2.20, 2.40, and 2.60 
pct, approximately, were selected for this study. A 
series of the castings were taken from heats held at 
2700 F and 2900 F for 1 hr under each gas atmosphere. 
The heats are listed in Table 20. 


TaBLE 20—NopuLE CouNnT IN ANNEALED Hot TEAR 
CASTINGS OF DupPLEX IRON REMELT 








Holding Temp. 2700 F Holding Temp. 2900 F 
Holding Holding 
Furnace Nodules Furnace 


Heat No. Atm. %C permm*Heat No. Atm. 


Nodules 
% C per mm? 





K- 9 CO 2.08 180 S- 6 CO 2.18 186 
K-10 CO 245 209 S- 9 CO 237 198 
K- 2 CO 260 217 S- 3 CO 268 245 
Q- 5 co, 2.16 123 U- 2 co, 2.10 130 
Q- 2 CO, 2.46 150 U- 3 CO, 2.40 182 
Q- 4 CO, 2.60 152 U- 4 cO, 2.60 195 
P- 8 Nz 2.15 25 V- 6 No 2.09 89 
P-12 Ne 239 112 V- 8 Ne 2.42 100 
P-10 Ne 259 134 ¥- 3 Ne 2.60 104 
L- 7 A 2.13 134 W- 1 A 2.24 209 
L- 2 A 2.39 158 W- 3 A 2.40 163 
L- 6 A 2.60 159 W- 2 A 2.67 213 
M- 7 H, 2.04 140 Y- 1 H, 2.27. 209 
M- 4 H, 2.40 179 Y- 6 H, 2.40 155 
M- 3 H, 2.74 218 Y- 4 H, 2.67 204 
R- 4 H.O- 2.08 182 Z- 2 H,O 2.27 = 131 
R- 2 H,O 2.41 176 Z- 1 H,O 247 123 
R- 6 H.O 2.70 194 Z- $ H,O 2.70 112 
G-81 Air 2.08 120 X- 6 Air 2.13 92 
G-62 Air 2.39 106 X- 8 Air 2.36 119 
G-61 Air 2.60 110 X- 2 Air 2.64 118 





The shank of the hot tear casting was sectioned as 
shown in the diagram of Fig. 17. The sections were 
given the heat treatment shown by the graph in Fig. 
17 and described in Table 21. 








TABLE 21 
Section Treatment* 

A No heat treatment. 

4 Removed from furnace after half of first stage graphi- 
tization period; 15 hr at 1700 F. 

3 Removed from furnace after the complete first stage 
graphitization period; 30 hr at 1700 F. 

2 Removed from furnace after half of second stage 
graphitization period; 12 hr at 1320 F. 

l Full anneal, removed from the furnace at the end of 
the heat treatment; 12 hr at 1320 F plus 12 hr at 


1300 F. 
* See Fig. 17. 





The Y-in. diam x 1-in, long samples were enclosed 
in 114-in. x 8-in. pipe nipples sealed with pipe caps. 
The samples from the heats melted under hydrogen 
and water vapor atmospheres were placed in separate 
containers. The tubes containing the samples were 
placed in a refractory muffle which was heated by 
an electric furnace. ‘Temperature control was main- 
tained at + 3 F. After receiving the heat treat- 
ments outlined in Fig. 17, the containers were re- 
moved from the furnace and allowed to cool in 
air. When room temperature was reached the 
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Fig. 17—Diagram showing how the hot tear casting was 

sectioned for annealability samples. The annealing cycle 

for the samples poured from duplex iron remelt is graphi- 
cally illustrated. 


samples were removed from the pipes and sectioned 
again for microscopic examination. The fluidity well 
castings for heats made under N, CO, and air atmos- 
phere at a carbon level of approximately 2.40 pct 
were also annealed to observe graphitization in a 
heavier section, 1.25-in. diam. Data on the annealed 
fluidity well castings is given in Table 22. In this case, 
first stage graphitization was extended to 45 hr at 
1700 F, while second stage graphitization time was 
extended to 41 hr as compared with the cycle shown 
in Fig. 17 and Table 21. 


TABLE 22—-NopULE COUNTs IN ANNEALED FLUIDITY 
WELL CASTINGS OF DUPLEX IRON REMELT 





Holding Furnace Conditions 





Heat No. Atm. Temp., F %C Nodules per mm? 
K-10 co 2700 2.45 125 
S-9 co 2900 2.37 91 
P-12 Nz 2700 2.39 96 
V-8 Ne 2900 2.42 85 
X-8 Air 2900 2.36 86 





Results of Malleabilizing Heat Treatment 


The annealed samples were examined metallograph- 
ically for structure at four points in the annealing 
temperature-time cycle. These points were the half 
time of the period for first stage graphitization, 
the end of the period allowed for first stage graphiti- 
zation, half time of second stage graphitization, and 
the end of the complete heat treatment. The samples 
revealed that the annealing cycle was adequate for 
complete graphitization of some of the test pieces but 
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Fig. 18—Stable carbides in fluidity well castings of iron 
held 1 hr at 2900 F under a CO melting furnace atmos- 


not others. It was evident that the type of gas at- 
mosphere was a more important factor in determining 
the completeness of graphitization than was the car- 
bon content of the iron, or the temperature of the 
holding period during melting (2700 or 2900 F). The 
effects of the furnace gases on graphitization can be 
grouped as follows: 
1. Nitrogen, argon, and air melting furnace at- 
mospheres allowed complete graphitization dur- 
ing the annealing cycle. 

2. Carbon monoxide, carbon dioxide, and water 
vapor melting furnace atmospheres caused resis- 
tance to complete graphitization especially during 
the first stage of graphitization. Stable massive 
carbides persisted. 

3. Hydrogen atmospheres permitted graphitization 
to proceed almost as readily as N, A, and air but 
a few carbides remained at the end of the first 
stage graphitization. 

Observations expanding on the effects grouped above 

are presented in the following paragraphs, 


Stability of Carbides—Melting furnace atmospheres 
containing carbon monoxide caused the massive car- 
bides to resist graphitization during the first stage of 
the anneal. Furthermore, the massive carbides present 
after the first half of the first stage anneal appeared to 
be relatively stable because the second half of the first 
stage anneal did not markedly decrease their number 
or size. This was noted in samples from heats held | 
hr under CO, CO:, and H.O atmospheres at 2700 F 
and 2900 F. On the other hand, first stage graphitiza- 


tion of the iron held | hr under N, and A, and air . 


was complete during the first half of the first stage 
graphitization holding period. The same effect of the 
gases on stability of the carbides was noted in heavier 
section samples. Fluidity well castings from heats held 
under N and air showed completed first stage graphiti- 
zation in 45 hr at 1700 F. However, after 45 hr at 
1700 F a substantial amount of carbides remained in 
iron held under a carbon monoxide melting furnace 
atmosphere. The increased section size of the fluidity 


phere, Heat S-9, 2.37 C. Note intimate association of car- 
bides and graphite. Nital etched. Mag. 250x. 


well casting augmented the furnace atmosphere effects 
obtained in the samples taken from the hot tear test. 
The type of carbide remaining from incomplete first 
stage graphitization is illustrated in Fig. 18. These 
carbides appear to be relatively stable since they are 
often intimately associated with graphite. Such stable 
carbides are one effect on graphitization of a carbon 
monoxide-rich atmosphere over the melt during the 
high temperature stage of melting. Data showing how 
the stability of the carbides is related to the carbon 
monoxide content of the effluent furnace gases is pre- 
sented in Table 23. 


TABLE 23—STABLE CARBIDES COMPARED WITH CO 
CONTENT OF HOLDING FURNACE ATMOSPHERE 





CO Content of 


Effluent Furnace Stable Carbides 


Furnace Atmosphere 





Introduced Atmosphere as in Fig. 18 
Purified CO 98%, +- Yes 
- @, 60% + Yes 
H,O 40-47% CO Yes 

H, 40 - 50% CO Borderline 
A 2% No 
N 2%, CO No 
Air low usually below 2% No 





Hydrogen—A hydrogen furnace atmosphere was not 
observed to cause the same resistance to graphitization 
caused by CO. Graphitization was almost as complete 
for hydrogen treated iron as it was with N, A, or dry 
air treated iron. The resistance to graphitization pro- 
duced by the CO bearing melting furnace atmosphere 
did not develop in the hydrogen treated irons. Of 
course, it should be remembered that the annealing 
conditions were such as to permit the hydrogen to 
escape during heat treatment. Thus, hydrogen pro- 
vides a good example of a gas promoting resistance to 
graphitization during freezing, since it decreases mot- 
tling tendency, but does not cause carbide stability 
during annealing under proper conditions where hy- 
drogen may diffuse out of the metal during annealing. 

Graphite Characteristics—The size, shape, and num- 
ber of graphite nodules present in the malleabilized 
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Fig. 19—Graph showing effect of holding furnace atmos- 

phere on nodule count in annealed malleable iron. Data 

obtained from hot tear casting of duplex iron remelt held 
for 1 hr at 2700 F under the gas atmosphere indicated. 


samples were investigated. The number of nodules 
per square millimeter of sample surface was deter- 
mined by a counting procedure suggested by the Mal- 
leable Research Committee. The procedure is out- 
lined below: 

1. Polish the specimen; 

2. Etch sample lightly with 2 pct Nital; 

3. Project image on ground glass plate at 200X 
using 8X, 0.20 N.A. objective and increase mag- 
nification with a 10X eyepiece. 

4. Count graphite particles in image area of 100 sq 
cm; an actual sample area 0.25 sq mm, at four 
different locations on the specimen. 

5. Add the four counts to give the nodule count for 
1 mm of specimen area. Repeat steps 4 and 5 
until an average nodule count is obtained. 

The magnification of 200X was used instead of 
100X because of the many fine graphite particles in 
some of the samples. The 200X magnification also 
aided in distinguishing separate particles from those 
which were inter-connected as large groupings. The 
counting procedure yielded the nodule counts listed 
in Tables 20 and 22. 

Nodule counts showed that the furnace gases had a 
marked effect on the number of graphite particles 
present in the annealed samples. A comparison of 
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Fig. 20—Graph showing effect of holding furnace atmos- 

phere on nodule count in annealed malleable iron. Data 

obtained from hot tear casting of duplex iron remelt held 
for 1 hr at 2900 F under the gas atmosphere indicated. 


nodule counts existing in irons of three carbon levels 
and the influence of the furnace gases on the metal 
after holding | hr at 2700 and 2900 F may be obtained 
from the graphs, Figs. 19 and 20. These graphs are 
meant primarily to be used for comparison of the 
effects of the atmospheres and are not intended to 
show curves relating carbon content to nodule count 
under a particular atmosphere. Both graphs reveal 
that samples from irons held under CO, CO., Hy, and 
A have substantially higher nodule counts than sam- 
ples from iron melted under Nz, and air. The afore- 
mentioned effect is more pronounced at the higher 
holding temperature of 2900 F. The nodule number 
is not decreased by the higher temperature in the case 
of the first-named gases but is actually somewhat in- 
creased. However, some decrease of nodule number at 
the higher holding temperature occurs with N, air, 
and water vapor furnace atmospheres. This may be 
due to direct effects of N and O on the iron. The ex- 
tremes of graphite are illustrated in Fig. 2la, b, c and 
d, the low count occurring in an air type atmosphere 
treated iron and the high count in a CO atmosphere 
iron. 

Nodule counting was found to be quite difficult be- 
cause of the type of graphite shown in Fig. 2la and b. 
The iron held under CO atmosphere or under at- 
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mospheres high in CO contained many small flake-like 
particles of graphite, as in Figs. 2la and 2lb. How- 
ever, the metal held under air or nitrogen contained 
graphite which was more nodular in shape as shown 
in Figs. 2lc and 21d. The difference in effect of the 
gases was even more pronounced in annealed fluidity 
well castings. The graphite in iron held under CO 
and N is shown in Figs. 22c and 22b. Thus, in the 
heavier section, CO again caused a loose flaky graphite 
structure while nitrogen or air caused a more compact 
nodule. The flaky type graphite is held to be a direct 
result of CO in the iron from CO-rich melting furnace 
atmospheres. Note that silicon percentage of the iron 
was not a factor involved in this conclusion. 

Carbon Content and Nodule Count—Consideration 
of the nodule count graphs, Figs. 19 and 20, reveals 
that increasing carbon content in the iron caused a 
marked increase in nodule count (many more flakes) 
in irons held under CO and CO, atmospheres. How- 
ever, increasing carbon percentage did not cause much 
increase in nodule number in irons held under N. and 
air atmospheres. The difference in carbon content 
effect on nodule count is held to be largely due to the 
influence of CO in causing flake type graphite. Nodule 
counting is extremely difficult when flake type par- 
ticles are present. 

Graphite Nucleation vs. Carbide Stability—The in- 
fluence of CO as a melting furnace atmosphere on the 
results of graphitizing heat treatment brings out an 
important point. Carbon monoxide melting furnace 
atmospheres caused many graphite flakes to be nucle- 
ated during annealing. In spite of the abundance of 
nuclei, the carbides did not fully graphitize within the 
time allotted for first stage graphitization. On the 
other hand, nitrogen melting furnace atmospheres 
permitted less graphite nucleation during annealing. 
Nevertheless, the massive carbides were completely 
eliminated within the time allotted for first stage 
graphitization. Thus, carbide stability and graphite 
nucleation tendency may vary independently of each 
other, being influenced by the melting furnace gases. 

Annealing Furnace Atmosphere—The atmosphere 
surrounding the iron during annealing is known to 
have a profound influence on the results of graphitiz- 
ing heat treatment. In this work, the metal was 
allowed to generate its own atmosphere. An artifici- 
ally imposed atmosphere would have modified the 
results reported herein and this fact should be recog- 
nized. For example, a carbon monoxide annealing 
furnace atmosphere probably would have magnified 
the effects caused by a CO melting furnace at- 
mosphere. A hydrogen annealing furnace atmosphere 
would probably have prevented graphitization in 
white iron held under a hydrogen melting furnace 
atmosphere. It is believed that the procedure adopted 
has been satisfactory in revealing differences caused 
by the melting furnace atmosphere, the latter being 
the object of the study. 

Annealab‘lity Summary—The work with anneala- 
bility has served to demonstrate several principles. 
These are briefly summarized as follows: 

1. Melting furnace gases can have a greater effect 
on nucleation of graphite, nodule count, and carbide 
stability than does carbon percentage in the iron or 


temperature of the iron during high temperature stage 
of melting. 

2. Carbon monoxide melting furnace atmospheres 
promote nucleation of flaky graphite during anneal- 
ing, high nodule counts, and resistance to graphitiza- 
tion of carbides in the first stage of annealing. 

3. Nitrogen and air melting furnace atmospheres 
cause more compact nodules to develop during an- 
nealing, lower the nodule count, and do not cause 
the resistance to graphitization noted as an effect of 
carbon monoxide. 

4. Hydrogen melting furnace gases do not cause 
the white iron to present an annealing problem under 
the conditions of these experiments when hydrogen 
which might have been retained in the iron may dif- 
fuse out of it during the annealing treatment. 

5. Nodule count does not directly indicate the de- 
gree of carbide stability during annealing. The time 
required for first stage graphitization is a better meas- 
ure of carbide stability. 

6. The degree of carbide stability influences the 
time required for first stage graphitization more than 
the graphite nucleating tendency does on the range of 
analyses studied. 

Of course, a great deal remains to be learned about 
the influence of furnace atmospheres on annealability 
and mechanical properties of malleable iron. The 
time required for first stage graphitization will evi- 
dently be greatly influenced by stable carbides caused 
by furnace atmospheres rich in CO. The mechanical 
properties should be sensitive to graphite type. These 
and other questions will be studied as the research 
project continues. 


White Iron Structure 


A metallographic study of the as-cast structure of 
the white iron in the hot tear castings was made. Sec- 
tion A, Fig. 17, provided the sample of as-cast struc- 





Fig. 23—Grain size developed during freezing of hot 
tear casting, Heat V-3. Grain outlines are drawn on basis 
of dendrite orientation. Nital etched. Mag.—Approx. 8x. 
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Fig. 24A—Skeletal groupings of sulfides in white irons 
from Heat S-6, 2.18 C. Mag.—500x. 


ture in the case of those hot tear castings which were 
given annealability tests. Structural features studied 
were the following: 

1. Microstructure; carbide network, cell size, pearl- 
ite and eutectic appearance. 2. Macrostructure, grain 
counts. 3. Non-metallic inclusions. 

Microstructure—No clearly defined microstructural 
changes in the massive carbides, cell size, pearlite, or 
appearance of the eutectic could be related to the 
melting furnace gases. Certain differences did seem to 
exist but these were so elusive as to make conclusions 
unjustifiable. 

Macrostructure—The as-cast structure was studied 
at low magnification for possible effects of gases on 
the grain size developed during solidification. An 
example of this technique is illustrated in Fig. 23. 
No correlation could be established between the num- 
ber of grains per cross-section of the hot tear casting 
as illustrated in Fig. 23, and melting furnace at- 
mosphere or any other factor. 


Fig. 25—Blocky sulfides, in white iron held at 2900 F un- 
der CO atmosphere for 1 hr, Heat S-3, 2.63 C. Compare 
with Fig. 24B. Mag.—500x. 


B 


Fig. 24B—Small, randomly distributed sulfides in white 
iron from Heat V-3, 2.60 C. Mag.—500x. 


Inclusions—The non-metallic inclusions, principally 
sulfides, were observed to vary in shape with carbon 
content. At low carbon percentages in the iron below 
about 2.20 C, the sulfides adopted a distribution of 
skeletal groupings as illustrated in Fig. 24a. The skele- 
tal groupings often were accompanied by film type 
sulfides. At high carbon contents of about 2.60 C, the 
sulfides were found to be rather randomly distributed, 
smaller, and fairly uniform in size as shown in Fig. 
24b. The change from small, randomly distributed 
sulfides to skeletal groupings occurred over a carbon 
range of about 2.40 to 2.20 pct carbon although the 
change is gradual. 

One significant effect of melting furnace atmos- 
pheres on sulfide inclusions was observed. Carbon 
monoxide atmospheres promoted a larger, blocky type 
of sulfide although the skeletal groupings persisted in 
low carbon irons. Sulfides in irons held under N and 
CO at 2900 F may be compared in Figs. 24b and 25. 
This effect is also evident in Figs. 22a and 22b. 





Fig. 26—Titanium carbide inclusions in malleabilized 
iron from remelted cold melt iron held under a N atmos- 
phere 1 hr, 2900 F, Heat CV-B, Unetched. Mag.—250x. 
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Conclusion (Duplex Iron) 


The research up to this point has been aimed at 
determining the outstanding effects on malleable iron 
properties which result when pure gas atmospheres 
are introduced over the surface of molten duplex type 
white iron. The most striking effects obtained with 
each gas can be summarized as follows: 


Gas Atmosphere 
Introduced Effects 

A. Carbon Monoxide 1. Causes mottling at the lowest level of 
carbon content for a given silicon per- 
centage. 

. Promotes increased hot tear resistance 
in intermediate and high carbon irons. 

3. Promotes increased fluidity at a hold- 

ing temperature of 2700 F but not at 
2900 F. 

4. Results in increased resistance of car- 
bides to first stage graphitization. 

. Modifies graphite nodule shape to a 
flaky or spider form and increases the 
nodule count. 

B. Carbon Dioxide 1. Causes effects very much like that of 
carbon monoxide. 

. The carbon level for mottling is in- 
creased above that characteristic of the 
carbon-oxide gases. 

. Promotes increased resistance to tear- 
ing in intermediate and high carbon 
irons at the 2900 F holding tempera- 
ture, 

. Negates the effects of carbon-oxide 
gases in causing carbide stability dur- 
ing annealing. 

4. Modifies the graphite nodule shape to 
a more closely contained particle and 
decreases the number of nodules. 

D. Hydrogen 1. Markedly increases resistance to mot- 
tling. 

. Does not increase resistance to anneal- 
ing under the test conditions of this 
research. 

3. Causes erratic hot tearing properties 
with the deviation occurring in the 

direction of higher resistance to tear- 


no 


or 
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C. Nitrogen 


.) 


oo 
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ing. 
4, a pinhole type surface defects. 
E. Water Vapor 1. Markedly increases resistance to mot- 
tling. 
2. Has effects on graphitization like those 
of CO. 


8. Causes lowered resistance to tearing at 
the 2700 F holding temperature but 
not at the 2900 F temperature. 

4. Causes pinhole type defects. 

E. Air 1. Causes increased resistance to mottling 
compared to N and_ carbon-oxide 
gases, but not as much as hydrogen 
and water vapor. 

. Has effects similar to those of nitro- 
gen during annealing. 

3. Causes a marked lowering of resistance 
to tearing in intermediate and high 
carbon irons. 

The effects of gases on properties of the duplex iron 
as listed above are those which are most outstanding 


in the research work accomplished thus far. 


no 


Cold Melt Iron 


The research work with the duplex iron appeared 
to establish a substantial number of principles of the 
effects of furnace atmosphere on malleable iron prop- 
erties. With these principles as a guide, it was de- 
cided to make a limited number of controlled atmos- 
phere heats using the cold melt iron sprue as melting 


stock. These tests were intended to serve as a spot 
check on the properties of the cold melt iron and 
determine whether similar principles applied as in the 
case of the duplex iron. The results are discussed in 
the following sections. 

Chemistry—Only N, CO, and air were employed as 
the gases introduced over the melt. These gases were 
used since they were found to be the ones most greatly 
affecting the properties of the duplex iron. Two car- 
bon levels, low and high, and two holding tempera- 
tures, 2700 and 2900 F, were investigated. The data 
for chemical analyses, hot tearing and fluidity are 
presented in Table 14. Six heats were made in air 
atmospheres because of the difficulty of obtaining the 
desired carbon level. Some data obtained with 3-lb 
heats in an air atmosphere was also used and it was 
presented in Reference 3. 

The non-oxidizing gases, CO and N, influenced the 
composition of the irons in exactly the same way as 
described earlier for the duplex iron. 

However, the lower silicon content of the cold melt 
sprue made the iron more susceptible to exothermic 
oxidation by air. The same rate of air supply, 6050 
ml per min, which caused a 2 point silicon loss and a 
75 point carbon loss in the duplex iron over a | hr 
period at 2900 F caused a 60 point silicon loss and a 
20 to 60 point carbon loss in the cold melt iron at the 
same temperature. It was necessary to change the 
manner of oxidation by air in order to maintain the 
silicon at about 1.10 pct and achieve the desired car- 
bon content. This was done in heats CX-5 and CX-6 
by exposing the molten iron at 2900 F to normal air 
atmosphere in an uncovered melting crucible. From 
this experience it is evident that the lower silicon 
cold melt iron is more sensitive to exothermic oxida- 
tion by free oxygen. Except for this fact, the chemical 
principles developed for the duplex iron apply to the 
cold melt iron. That a lower silicon content iron can 
have its silicon more easily oxidized by air has been 
experienced previously.? It should be recognized that 
the melting in these experiments was performed in a 
magnesia crucible. In a silica crucible the silicon loss 
would have been in part balanced by a pick-up from 
the refractory. Then the net silicon loss would have 
been less or there might even have been a gain. 

Residual Titanium—The cold melt iron sprue used 
as melting stock for these experiments was found to 
contain a residual percentage of titanium. Source of 
the residual titanium was an imported pig iron used 
as a part of the cold melt air furnace charge in the 
foundry which supplied the sprue. Residual titanium 
percentage in the iron is reported in Tabe 24. 


TABLE 24—-RESIDUAL TITANIUM PERCENTAGE IN THE 
Cotp MELT IRON 





Material Residual % Ti 





1. Cold-melt iron sprue melting 


stock as received from suppliers—Lab B. 0.020 

Cold melt iron sprue melting 

stock as received from suppliers—Lab A. 0.015 
2. Iron held 1 hr under air at- 

mosphere at 2900 F, heat CX-5.—Lab A. 0.020 
8. Iron held 1 hr under CO atmos- 

phere at 2900 F, heat CS-1 —Lab “ 0.020 
4. Iron held 1 hr under N atmos- 

—Lab A. 0.015 


phere at 2900 F, heat CV-1 
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Fig. 27—Graph comparing fluidity of remelted cold melt 

iron with limits of fluidity for remelted duplex iron, Fig. 7. 

The molten iron was held for 1 hr at temperature under 

gas atmosphere indicated. Fluidity of irons poured at 

2700 F was adjusted to 2900 F by adding 12 in. of spiral 
length. — 


PERCENT 


Evidently a titanium residual may readily carry 
through remelting operations and be retained during 
a holding period even under as oxidizing an atmos- 
phere as air. 

The presence of the residual titanium percentage in 
the iron was first noted in a metallographic study of 
non-metallic inclusions in the iron. Titanium carbide 
and nitride particles such as those shown in Fig. 26 
were observed in malleabilized castings made from 
this melting stock. Chemical analyses were then made 
with the results shown in Table 24. Simiiar metallo- 
graphic studies on the remelted duplex iron discussed 
earlier revealed no titanium carbide or nitride in- 
clusions. This difference in the two materials is an 
important one which can influence the experimental 
results especially in the case of annealability tests. 
This subject will be considered again later in the 
paper. 

Mottling Tendency—As in the case of the duplex 
iron, a CO atmosphere over the molten cold melt iron 
caused mottling to occur at a minimum carbon con- 
tent. Scattered mottling occurred at 2.72 pct C and 
1.10 pct Si under a CO atmosphere at 2700 F, while 





the iron was white at 2.63 pct C under the same gas at | 


2900 F. Air caused the mottling tendency to vary de- 
pending on the severity of the oxidizing conditions. 
With the severe oxidizing conditions when the metal 
was exposed to air in an uncovered crucible at a tem- 
perature of 2900 F, the iron was white at 2.79 pct C 
and 1.09 pct Si. 

In view of the limited number of heats, irrefutable 
conclusions are difficult, but it was found that CO 
atmospheres could cause mottling at the minimum 
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Fig. 28—Graph comparing hot tear strength of remelted 
cold melt iron with hot tear strength of duplex iron remelt, 
Fig. 14. 


carbon content as in the case of the duplex iron. 
Fluidity—Fluidity, in inches spiral length, of the 
cold melt iron when pouring from 2700 F and 2900 F 
after holding 1 hr at temperature under CO, N, and 
air atmospheres is plotted in Fig. 27. The curves de- 
fining the fluidity limits of the duplex iron at a com- 
mon temperature of 2900 pct, which were presented 
in Fig. 7, are reproduced in Fig. 27 for comparison 
with the cold melt iron. Fluidity in general is in the 
same range for both irons as revealed in Fig. 27. How- 
ever, at lower carbon content there is a definite ten- 
dency for fluidity to be lower in the cold melt iron 
than in the duplex iron. This may be due to the lower 
silicon content of the cold melt iron, 0.20 pct Si 
lower, and a possible shift of the jog in the fluidity 
curve to a higher carbon content. Two points of data 
shown at high carbon content in Fig. 27 are low be- 
cause of a large loss in silicon due to air oxidation. 
There is a trend for the fluidity of air oxidized iron 
to be low at a given carbon percentage. The influ- 
ence of CO on raising fluidity of the duplex iron at 
2700 F was less pronounced in the cold melt iron. No 


TABLE 25—-NopULE CoUNT IN ANNEALED CASTINGS OF 
Co.tp MELT IRON 





Nodule Count in 
Fluidity Well, 


Nodule Count in 
Carbon, Hot Tear Casting, 





Heat No. % No. per mm* No. per mm? 

CK-1, CO2700F 2.47 70 44 

CK-2, CO2700F 2.72 107 43 

CK-3, CO2700F 2.31 67 36 

CS-1, CO2900F 2.35 115 32 

CS-2, CO2900F 2.63 122 32 

CP-1, N2700F 2.33 34 28 

CP-2, N2700F 2.54 57 35 

CV-1, N2900F 2.40 71 67 

CV-2, N2900F 2.57 56 72 

H-4, Air2700F 2.33 83 _ 

H-l, Air2700F 2.53 80 —_ 

H-7, Air2700F 2.74 68 _ 

CX-1, Air2900F 2.79 95 Primary Flakes 

CX-2, Air2900F 2.96 76 Primary Flakes 

CX-3, Air2900F 3.06 31 6—Incomplete Anneal, 
about 0.40%, Si 

CX-4, Air2900F 2.87 24 6—Incomplete Anneal, 
about 0.40% Si 

CX-5, Air2900F 2.46 74 35 

CX-6, Air2900F 2.79 117 38 
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2900 F—CO—2.63 C, 1.10 Si 
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Fig. 29A—Graphite distribution in hot tear casting sample 
of remelted cold melt iron held 1 hr under CO melting 
furnace atmosphere, Heat CS-1. Unetched. Mag.—150x. 
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2900 F—Air—2.46 C, 1.06 Si 
Fig. 29B—Same as Fig. 29A except magnification is 250x. 
Fig. 29C—Graphite distribution in metal held 1 hr under 


air atmosphere, Heat CX-5. Unetched. Mag.—150x. 


Fig. 29D—Same as Fig. 29C except magnification is 250x. 


marked differences were found to exist between the 
duplex and cold melt iron in regard to fluidity and 
the effect of gases on fluidity. 

Hot Tearing—Because of the limited number of 
heats it was not possible to construct curves showing 
the influence of furnace gases on the relationship of 
resistance to hot tearing and carbon content of the 
cold melt iron. However, all the data obtained with 
the cold melt iron were plotted in Fig. 28 for com- 
parison with the generalized hot tearing property 
graph developed for the duplex iron, Fig. 14. The 
points for the most part fall within the limits devel- 
oped for the duplex iron. From the graph, Fig. 28, it 
appears that the low carbon mold melt iron behaves 
much like the duplex iron. In the high carbon range, 
the cold melt iron has lower tear resistance than the 
duplex iron at a holding temperature of 2700 F, but 
behaves like the duplex iron at the 2900 F tempera- 
ture. It was not possible to make any further con- 


clusion with the amount of data available, but in gen- 
eral the principles involved in the two irons are 
similar. 

Annealability—Annealability tests were conducted 
on the remelted cold melt iron by the same procedure 
used on the duplex iron. Samples for annealing were 
taken from the hot tear casting as indicated in Fig. 17. 
Fluidity well castings were also annealed. The an- 
nealing cycle was slightly modified by extending the 
time allowed for first stage graphitization at 1700 F 
from 30 hr for the duplex iron to 45 hr for the cold 
melt iron. This was done to compensate for the lower 
silicon content of the latter iron. The same second 
stage graphitization period was followed for both 
irons. 

Stability of Carbides—The microstructure of the 
fully annealed samples was examined for the presence 
of carbides. No carbides of the type reported in the 
duplex iron were noted in the cold melt iron. Samples 
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trom the cold melt irons held under CO atmosphere 
were examined at the mid-point of the first stage 
graphitizing period. Massive carbides were completely 
absent at that point. The absence of stable carbides 
in metal held under CO atmosphere was a distinctly 
different feature of the cold melt iron as compared 
with the behavior reported for the duplex iron. It is 
here that the residual titanium content of the cold 
melt iron becomes effective. The effects of the addi- 
tion of small percentages of titanium to the iron in 
increasing the rate of elimination of carbides during 
first stage graphitization has been reported a number 
of times. The residual titanium apparently is effec- 
tive in preventing the CO atmosphere from develop- 
ing the stable carbides in the cold melt iron which 
were caused by CO in the duplex iron. 

Graphite Characteristics—Nodule counts were made 
on the fully annealed cold melt iron samples. The 
nodule count data for all heats made under atmos- 
pheres at holding temperatures of 2700 F and 2900 
F are listed in Table 25. The relative effects of the 
gas atmospheres on nodule count in the cold melt 
iron appeared to be similar to the effects obtained 
with the duplex iron. Carbon monoxide caused a high 
nodule count as compared with N and air, especially 
at the 2900 F holding temperature. The differences 
in nodule count caused by CO as compared with N 
and air were less pronounced in the heavier section 
fluidity well casting than in the hot tear casting. Even 
samples with the lowest nodule count were fully 
graphitized except in the cases of heats CX-3 and 
CX-4, where a very low silicon percentage resulted in 
incomplete graphitization. 

Carbon monoxide atmospheres were again observed 
to cause a flake type of graphite. The graphite in cold 
melt iron held 1 hr under a CO atmosphere at 2900 
F is compared with that from an air atmosphere in 
Fig. 29. The graphite in the cold melt iron held under 
the CO atmosphere contains flakes and loose group- 
ings of flakes while that held under air appears more 
compact. This is the same effect reported for the 
duplex iron. 

A comparison of nodule counts shows that the cold 
melt iron is consistently lower in nodule count than 
the duplex iron. Such a comparison is made in Table 


TABLE 26—CoMPARISON OF CoLp MELT AND DUPLEX 
IRON NODULE COUNTS IN 14-IN. DIAM SECTION 








Ratio: 
Nodules Nodules CM 

Melting Conditions Permm* Permm? Duplex 
Atm. Temp. F %C Cold Melt Duplex % 
co 2700 2.31 67 198 34 
co 2700 2.47 70 210 33 
co 2700 2.72 107 224 48 
co 2900 2.35 115 192 60 
CoO 2900 2.63 122 244 50 
Ns 2700 2.33 34 114 30 
Ne 2700 2.54 57 108 53 
N, 2900 2.40 71 99 72 
Ne 2900 2.57 56 103 54 
Air 2700 2.33 83 108 77 
Air 2700 2.53 80 108 74 
Air 2700 2.74 68 113 60 
Air 2900 2.46 74 119 62 
Air 2900 2.79 117 118 99 
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26. The annealed cold melt iron contains only about 
30 to 75 pct as many nodules as the duplex iron. 

From the limited data available it appears that the 
annealability of the cold melt iron is influenced by 
furnace atmospheres in very much the same way as the 
duplex iron. In the cases studied, the presence of the 
residual titanium is a complicating factor. 
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Chairman: C. O. Scuorr, Link-Belt Co., Indianapolis, Ind. 

Co-Chairman: N. N. ARMHEIN, Federal Malleable Co., West 
Allis, Wis. 

H. A. ScHwartz (Written Discussion): The authors have re- 
ported a considerable amount of information covering various 
factors within their field of investigation. There seems to be 
little reason to question the accuracy of their observational 
data. 

This commentator is in some doubt as to whether all of the 
interpretations of the data are justified. 

One of the questionable features in the mind of this com- 
mentator is the use of curves possessing inflections in interpret- 
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ing the results. For example in Fig. 7, unless some statistical 
approach such as the Chi Square Test indicates that the dis- 
continuous lines of the figure are actually demonstrably su- 
perior to a straight line through the array of points, it seems 
doubtful whether such complex trend lines should have been 
attempted. This is especially true since there is no apparent 
reason why the effect of carbon on fluidity should be any 
different near 2.4 or 2.5 per cent than above or below that 
range. 

In further reference to Fig. 7 it appears, if this commentator 
has read the matter correctly, that the actual observations at 
2900 F are shown in Fig. 4; being there represented by straight 
lines, which in most cases seem a perfectly adequate representa- 
tion of slightly scattering data. 

In the case of air and hydrogen, if there is a flat area it is 
at a carbon content above 2.60 per cent. The writer would, 
however, interpret all of these figures, as did the authors, as 
being properly represented by straight lines. 

Table 16 seems to have been obtained on this assumption 
and has now been used to convert lines in Fig. 6, having no jog 
at 2700 F, for comparison at 2900 F. By such a conversion no 
jog could be introduced. After plotting Fig. 7 the authors 
become convinced that there is a jog, which would appear to 
vitiate the translation from 2700 F to 2900 F, which was made 
on the assumption that there was no jog. The assumption that 
there is a jog at 2900 F, against the evidence of Fig. 4, is, to 
this commentator, surprising. 

Figure 10 gives curves showing minima, apparently due to 
the fact that an attempt has been made to represent two uni- 
verses—mottled iron and unmottled iron—in a single figure. 

Other similar cases can be cited. 

This commentator is also doubtful whether hot tear strength 
is a measure of the castings to be subjected to this fault. These 
castings probably fail by plastic deformation. There is not a 
simple relation of stress and strain under these conditions. The 
stress imposed by a given strain depends on the rate of applica- 
tion of that strain. 

With the test specimens used by the authors it would be 
decidedly difficult to form an opinion as to the rate of strain 
to which the hot portion of the casting is subjected. 

The treatment of mottling tendency seems to this commen- 
tator quite inadequate. The effect of silicon has been largely 
dismissed in this discussion although the Schneidewind-McElwee 


publication on this point has been referred to. 

The number of specimens studied seems completely inade- 
quate to the drawing of any conclusion, a matter which is 
elucidated in the paper on “Graphitization in the Malleable 
Iron Industry” by the commentator and some of his associates, 
in this volume. 

Be it emphasized in conclusion that these comments are not 
written to minimize the value of the present contribution but 
rather to serve as a caution lest the data be over-interpreted. 

R. W. Heine (Authors’ Reply to Dr. Schwartz): The discus- 
sion of Dr. Schwartz is gratefully received. The appearance 
of a discontinuous fluidity curve, Fig. 7 in the paper, is ques- 
tioned by Dr. Schwartz. It may be that this discontinuity does 
not in fact exist, however, the data which we must interpret 
indicates that it is there. Since this is a continuing research 
project and additional data will be forthcoming, we will have 
ample opportunity to check this point. Further data will be 
presented in future papers. 

The question of a minimum in Fig. 10 is well taken. It is 
true that mottled and unmottled iron are represented on the 
same graph. This is a perfectly legitimate means of repre- 
senting differences in properties and is commonly done to em- 
phasize abrupt changes in properties. In a cooling curve, tem- 
perature versus time is plotted for both the molten and solid 
states. A discontinuity represents a change in state. The hot 
tear test appears to be a sensitive one in detecting mottling. 
The hot tear test bar does not fail by plastic deformation. It 
is a brittle hot tear failure. Furthermore, the test specimen 
employed in the test and the testing procedure makes it very 
simple to determine the rate of strain to which the hot portion 
of the casting is subjected, contrary to Dr, Schwartz’s statement. 
This point is made very definitely in an article in AFS Trans- 
acTIONS, vol. 60, entitled, “A Test for Hot Tearing Ten- 
dency,” pp. 182-196 (1952). 

Ihe effect of silicon content on mottling is limited in this 
work to the silicon range of the irons supplied by the AFS 
Malleable Research Committee and the scope of the investiga- 
tion. At this silicon content, it has been definitely proven in 
this investigation that the melting furnace atmosphere has a 
more profound effect on mottling tendency than any substan- 
tial variation in silicon content. The number of specimens is 
quite adequate for drawing this conclusion. Furthermore, the 
results are reproducible and can be duplicated at will 
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RISERING OF GRAY IRON CASTINGS 


Progress Report No. 4 


By 


W. A. Schmidt* and H. F. Taylor** 


This is a report of the work being done at the Mass- 
achusetts Institute of Technology under sponsorship 
of the American Foundrymen’s Society; the work is 
being done under the direction of the Gray Iron Re- 
search Committee of the Society. The purpose of the 
project is to develop information which can be used 
by practical foundrymen in their problems of riser- 
ing gray iron. Such knowledge, based upon funda- 
mental truths determined by experiment, should en- 
able gray iron foundrymen to understand their over- 
all problems in clearer detail, and should completely 
answer many routine questions. The important thing 
for the practical man to have in mind constantly 
in appraising this project is that the research prob- 
lem is tedious and time consuming, as gray iron is a 
complex material and understanding of the mechan- 
ism of shrinkage and solidification is particularly 
cloudy. Thus before a simple interpretation can be 
developed, so understanding and use in practice will 
follow some fundamental data are needed. Eventually 
it is planned the mechanism of solidification of gray 
iron as determined by this research, will be reduced 
to a motion picture film. 

This is a progress report of the work done to date, 
an analysis of the results, and a description of plans 
for future work. It does not pretend to answer any 
problems at this time. However, a general trend of 
thought is recognizable, and is part of the foundation 
upon which the final analysis will be based. 

Actual experimental work on this project, ‘‘Riser- 
ing of Gray Iron Castings,” was initiated November 
1950; the following describes work done from that 
date. A bibliography! was prepared under the orig- 
inal contract, and plans for research developed _be- 
tween the dates January | and November 1, 1950. As 
an aid in keeping research effort allied as closely as 
possible with practical experience and requirement, 


it was decided that foundries operated by members | 


of the Committee would make a series of life size 
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lurgy, Massachusetts Institute of Technology, Cambridge, Mass. 

This is a Progress Report on a Research Project sponsored 
by the Research Committee of the Gray Iron Division of A.F.S. 
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castings for careful study at M.I.T. 

The Gating and Risering Committee furnished 
castings in the form of slabs (1% in., | in., 2 in., 3 in., 
and 4 in. thick), and X, L, and T sections (1 and 3 
in. thick). These were cast in two grades of iron, 
35M and 50M, risered and unrisered. Two and one- 
half complete sets of these castings were received for 
examination and testing. 

All castings were sectioned to observe internal de- 
fects and structure. All risered castings were heavily 
risered and were essentially sound. Usually casting 
sections were bulged slightly in the lower regions. 
In the unrisered castings various shrinkage patterns 
were present. Careful examination showed that 
shrinkage defects fell into three general categories. 
These were described in a previous report,? and were 
(1) localized piping or diffuse internal shrink cavi- 
ties, (2) draws at internal angles or on flat, upper 
surfaces, or (3) no localized shrinkage. A study of 
the properties of the different molding sands did not 
indicate that the sand could be the lone variable 
causing the different shrinkage habits. It was there- 
fore thought that some of these variations could be 
attributed to solidification behavior. 

Many of the sections were etched, heat tinted, or 
traced with sulfur prints to permit a study of the 
macrostructure. Sulfur printing was found suitable 
only for the heavier sections. From these prints of 
the slab type castings, it was determined that the 
castings showing no localized shrinkage had a thin- 
ner zone of columnar dendrites than those which 
piped. These observations again indicated that solidi- 
fication behavior might have some influence on 
shrinkage habits. At any rate, it was obvious the 
problem could not be attacked in a systematic re- 
search manner by making shop type castings and 
cutting them up; a much more fundamental approach 
was indicated. It is felt our present approach, after 
three year’s effort, is sound in every respect. The 
number of variables still haunting the program, how- 
ever, is still rather awesome. 


|. Current Practices and Theories 
Composition is an important variable in any con- 
sideration of gray iron behavior. There was a time 
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when composition varied only because of melting 
practice and the raw materials available. Today, be- 
cause of the need for higher strength irons and for 
irons possessing superior corrosion or heat resistance, 
alloying has become standard practice. The effects of 
such alloying on risering requirements is not specific. 
If it changes or modifies graphite precipitation, or 
influences some other solidification phenomena, riser- 
ing requires modifications. 


Common Elements in Gray Iron 


The most common elements in gray iron are car- 
bon, silicon, manganese, sulfur, and phosphorus. The 
alloying elements are nickel, chromium, molybdenum, 
and several others. The general effects of these vari- 
ous elements are discussed below as they bear on 
solidification phenomena: 

1. Carbon in iron precipitates as graphite as the 
iron freezes. However, elements called graphitizers 
(i.e., silicon, nickel, titanium, etc.) must be present 
to promote this action; otherwise the metal will freeze 
as a white iron. Other elements called carbide stabil- 
izers (chromium, sulfur, manganese, etc.) tend to re- 
tard graphite formation by stabilizing the iron car- 
bide; that is, by rendering the iron carbide more dif- 
ficult to decompose into carbon and ferrite. The de- 
gree of carbide stabilizing ranges from pearlite for- 
mation through massive carbides to an entirely white 
structure. The amount of graphitizers and stabilizers 
are carefully balanced in practice to give desirable 
characteristics of strength, machinability, etc. 

Since the density of graphite (2.22) is so much less 
than that of the base metal (7.25), it is possible to 
counteract all solidification shrinkage by the forma- 
tion of a sufficient amount of graphite. Honda, et 
al? have shown that 1.75 per cent graphite formation 
during solidification in a eutectic iron is sufficient to 
equal the solidification shrinkage. A compilation of 
data from shrinkage experiments by others confirms 
this figure closely.1. Many of today’s commercial irons 
do not contain this amount of free graphite at the 
eutectic temperature and must therefore shrink on 
solidification in one form or another. 

2. Silicon is used as a graphitizer in most com- 
mercial irons; however, in very high silicon irons the 
addition of silicon promotes corrosion resistance. In- 
terest in typical gray iron is chiefly centered around 
its graphitizing effect. Besides aiding indirectly in 
the formation of flake graphite, silicon actually re- 
duces the solubility of carbon in austenite. This 
permits a greater amount of the carbon in the alloy 
to separate on solidification. The solubility of car- 
bon in austenite at the eutectic is roughly 2%—.1 
xX % Si. 

3. Manganese is a carbide stabilizer. Its main func- 
tion is to control the amount of pearlite in iron. High 
strength irons thus require more manganese than 
those of lower strength. Probably more important is 
the ability of manganese to combine with sulfur as 
a manganese sulfide, and so render the sulfur less 
harmful to mechanical properties; it also prevents 
the sulfur from stabilizing the carbides. For man- 
ganese to act as a stabilizer, it must therefore be 
present in amounts above that required to combine 
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with the sulfur present. The amount needed to com- 
bine with the sulfur is usually 1.7 times the sulfur 
present plus .30 per cent or more. 

4. Sulfur is an element common to all irons. Some 
irons require that special means be employed to re- 
duce sulfur to a low level. As indicated above, when 
sulfur is present it is necessary to tie it up with man- 
ganese to prevent its carbide stabilizing effect on the 
metal. 

5. Phosphorus forms a low melting compound 
(eutectic) called steadite; this is the last bit of molt- 
en constituent to freeze in an iron. When present 
in sufficient quantities, it is recognizable as a net- 
work pattern in the iron. Usually this eutectic does 
not create shrinkage problems because it expands on 
solidification. Recently, Hamaker, et al* have shown 
that phosphorus in conjunction with some of the 
more common alloying elements used in high strength 
irons will cause interdendritic shrinkage. This is be- 
cause the phosphide eutectic has a high volumetric 
shrinkage in their presence. Since this type of shrink- 
age is impossible to feed directly, they recommend 
certain levels of phosphorus that reduce the effect. 


Gases in Gray lron Practice 


Gases are of considerable interest in gray iron prac- 
tices. This is readily appreciated since the metal is 
melted without a continuous slag covering and in 
contact with large volumes of gases, and is melted 
at a much higher superheat (600 to 800 F) than most 
other metals. 

Oxygen and hydrogen are recognized as carbide 
stabilizers, and as such have an effect on the struc- 
ture of the iron. Many investigations have been made 
on the effect of gases on the expansion of gray and 
white irons. These show that hydrogen, nitrogen, and 
carbon monoxide are largely responsible for this ex- 
pansion. Reports have been made that superheating 
increases the expansion and remelting, or melting in 
a vacuum, reduces it. Normally it is the practice to 
avoid water in the form of wet ladles, this being a 
source of hydrogen which seems to cause more un- 
soundness than the other gases. 

Molding is confined largely to green sand. It is 
generally agreed that dry or core sand practices pro- 
duce better castings with regard to shrinkage charac- 
teristics, surface conditions, reproduction of the pat- 
tern, and just generally give more dependable re- 
sults; however, cost prohibits their use unless special 
requirements of casting shape or dimensional toler- 
ance require their use. 

In green sand systems, either natural or synthetic 
sands are used. Their control is awkward and re- 
quires close attention. Abuse of the sand is recog- 
nized as a source of casting defects, with the result 
that many plants consider sand control an essential 
part of their operations, and one that pays for itself 
in the long run. 

Efforts are continually being made to improve the 
properties of the sand to meet special requirements. 
Probably the most successful has been the use of sea- 
coal as an additive. The purpose of the seacoal is 
to create a reducing atmosphere in the mold. This 
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results in better casting surface and less burned-on 
sand by removing the oxygen. Oil added to the sand 
produces similar results. Recently work published by 
Sanders and Sigerfoos® showed that the addition of 
seacoal and wood flour, within limits, reduces the 
piping tendency of iron. They also reported that 
southern bentonite is better than western bentonite 
or fireclay in reducing piping. Bohm® has also re- 
ported of the advantages of seacoal and southern 
bentonite. 

Allowance for shrinkage known as “pattern makers 
shrinkage” is variable between about 4 to 14 in. per 
ft. Section size is an important factor in calculating 
this shrinkage. Larger sections need less allowance 
than thin sections. Sand conditions may cause this 
variation, or metallurgical factors such as graphite 
precipitation or gas evolution may also be significant. 


Function of Riser 

Risering as it is practiced today presents many con- 
flicting and confusing aspects. Often on the same, or 
closely similar jobs, good castings result when small, 
seemingly inadequate, risers are used, and again only 
when large, heavy risers are employed; sometimes 
good castings result only when no risers are used at 
all. Methods have been developed through individual 
observation and experience without an understanding 
of basic principles of solidification. Several factors 
governing the application of these risers are evident; 
it is the problem of this particular research to deter- 
mine why and how these variables influence solidifi- 
cation behavior, and to predict their effects in a way 
to be oi use to the pratical men in the shop. Riser- 
ing today does one of two things: 

1. It removes the thermal center or hot spot, where 
most interdendritic shrinkage occurs, from the cast- 
ing. In this instance, the riser is not used as a source 
of feed metal primarily, but as a source of heat. It 
is a mechanism to control the solidification process, 
just as chills are used to control solidification in 
other metals. The disadvantage of this type control 
is that the riser must be slightly larger than the cast- 
ing section, with attendant low yield of good castings 
per ton of metal poured. 

2. It acts as a source of feed metal similar to risers 
in other metals. The difference in gray iron is that 
the riser needs to feed only liquid shrinkage, and in 
some instances, a little solidification shrinkage. This 
permits the use of the small risers, commonly called 
shrink bobs. 

Since the type riser used is dependent on the solidi- 
fication behavior of the iron, it is impossible to broad- 
ly predict risering success at the present time. Gen- 
eralizations of risering theory at present closely fol- 
low those of steel. If this system is adhered to in 


gray iron practice, many castings would be over-: 


risered with the possibility of doing more harm than 
good. 

The gating of iron is far removed from the stand- 
ard practices used for other metals in several im- 
portant details. For hypereutectic irons, it has been 
developed through the years that gating through thin 
sections into heavier sections reduces shrinkage 
trouble. This means in effect that preheating the 
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mold near thin sections, and thus equalizing the 
temperature distribution through the metal and mold, 
does one, or possibly two, things. 

1. Shrinkage is uniformly distributed and not ap- 
parent. 

2. Enough superheat is lost to reduce liquid shrink- 
age after the mold is full. 

Another deviation from standard procedure is to 
utilize the gate and runner system as a riser mech- 
anism. This is practical only when small amounts 
of feed metal are required and the gates can be main- 
tained at a reasonable size. 

A fundamental of casting design in iron is to avoid 
sharp changes in size of section, and to keep sections 
as nearly uniform as possible. This is done primarily 
to reduce weak internal angles, and to keep cooling 
rates as uniform as possible. These rules are designed 
primarily to cover those instances when shrinkage 
trouble does occur, since many successful castings 
are made which abrogate them entirely. It is good 
insurance to adhere to these rules whenever possible 
to avoid trouble, 


ll. Experimental Procedures 


A. Measuring Shrinkage by Use of Cast Spheres — 
Many investigations have been made, and varied tech- 
niques used, to determine shrinkage occurring in 
irons. The index of shrinkage has usually been a 
density measurement. However, seemingly identical 
castings made in accordance with these findings may 
shrink badly one day and be sound another—or worse 
yet, some castings from a single ladle may be solid 
and others badly shrunken. Somewhere in the process 
of taking results from the laboratory and applying 
them to a specific casting, conditions vary enough to 
cause this erratic behavior. The cause might be 
gases due to melting procedure or to the melting 
stock; the effect of mass, and solidification rates, may 
be involved. Composition variables, particularly 
trace elements not commonly analyzed, might throw 
conditions out of balance; so the problem of rational- 
izing cause and effect is difficult. 

To be able to study the effects of any factor affect- 
ing shrinkage behavior, a method for measuring the 
shrinkage accurately is necessary. Initially small cyl- 
inders of iron were cast and the sinks filled with 
wax, water, or lead. None of these methods were 
actually successful, as a complete materials balance 
of metal and void volume was never obtained. The 
one possible source of error seemed to be from the 
gating system. Elimination of the gate was indicated. 

Subsequent castings were made in the form of 4-in. 
diam spheres. The gates were short and direct, and 
were stoppered with form fitting plugs as soon as the 
casting was poured. This practice eliminated the gate 
almost as soon as pouring was complete. Once the 
mold was poured and plugged, it was rotated on an 
axis through the center of the sphere. The reason for 
rotating the castings during solidification was to iso- 
late all the shrinkage within the casting for easier 
measurement. These castings were made in both 
green and dry sand molds. Figure 23 is a picture of 
the apparatus used. 
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Fig. 1—Rotated in green Fig. 2—Rotated in dry sand Fig. 3—Untreated dry sand | 
sand mold. mold. casting. | 





Fig. 4—Untreated green Fig. 5—Dry sand casting Fig. 6—Dry sand casting 
sand casting. treated with H,. treated with Hg. 





Fig. 7—Dry sand casting Fig. 8—Dry sand casting Fig. 9—Dry sand casting 
treated with O,. treated with N,. treated with CO). 
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Fig. 10—Green sand casting Fig. 11—Dry sand casting Fig. 12—Sulfur print of dry 
treated with H,O. treated with H,O. sand casting. 
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Rotation produced a completely isolated central 
void in metals such as aluminum and copper. In 
gray iron the void was distributed between an outer 
wall of metal 14 to 3% in, thick and a central core. 
This distribution occurred only with green sand 
molds. The dry sand castings contained no internal 
voids. Another feature of the iron castings with 
shrink cavities was a passage (sometimes tiny and 
sometimes large) to the surface through the outer 
wall. These penetrated the wall near the parting 
line. External measurements of the spheres indicated 
that the green sand castings were larger in diameter 
than the dry sand. 

It was concluded that the green sand mold cavity 
enlarged after the casting was poured. This accounted 
for the larger casting size and the large shrink cav- 
ity. Shrinkage measurements under such circum- 
stances would not indicate true values. Figures 1 and 
2 illustrate typical dry and green sand castings, ro- 
tated during solidification. 

B. Gases in Gray Iron—The effect of gases on the 
shrinkage habits of iron was also investigated using 
spherical castings. It is known that hydrogen and 
oxygen are carbide stabilizers and that sufficient 
quantities might cause gasiness. These tests were ex- 
pected to indicate whether shrinkage could be aggra- 
vated by carbide stabilization or alleviated by gasi- 
ness. 

The metal was treated by bubbling various gases 
through it before pouring. These gases included hy- 
drogen, oxygen, nitrogen, carbon dioxide, and water 





B 
Fig. 13—Green sand castings (a) top covered with rice 

hulls (b) top open. 
Fig. 14 (Right)—Green sand casting with insulated riser. 
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vapor. The metal was then cast in both green and 
dry sand molds, as described above. It was observed 
that hydrogen and oxygen caused shrinkage in cast- 
ings made in dry sand molds which are usually solid. 
Water vapor alone created considerable gasiness. The 
other gases had no effect (Figs. 3 through 11). 

Of particular interest are the castings in Figs. 6 
and 7. The pencil-shaped cavity formations which 
are partially refilled with exuded metal are quite dif- 
ferent in shape from the usual “V” type cavity. The 
indications are that this type cavity is formed after 
a partially solidified wall of metal has frozen. A sec- 
tion of the wall is displaced and sucked into the in- 
terior. Normal reaction would be that such a move- 
ment of metal would have to be quite sudden to keep 
the sides of the cavity as parallel as they are. This 
might very well be the case. It is hard to conceive 
of any solidification reaction which would occur at 
such a high rate. Another possible method of forma- 
tion, equally open to conjecture, is that the move- 
ment starts and proceeds to completion during an 
interval of comparative thermal arrest. Such a favor- 
able period would be during the eutectic arrest. Dun- 
phy and Pellini? have reported extensive work on 
the solidification of gray iron with a comprehensive 
coverage of the thermal conditions involved. If this 
type cavity is formed in the described manner, the 
theory can be. evolved that the gases hydrogen and 
oxygen (and possibly water vapor) stabilize the car- 
bide during the earlier portion of the eutectic hold. 
This early retardation of graphite formation causes 
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Fig. 15—12x10x3-in. commerial castings (a) 35M, unrisered (b) 35M, risered (c) 35M, unrisered and (d) 50M, 
risered. 


a normally shrink-free iron to suddenly shrink. Later, 
as evidenced by the exuded metal, the graphite does 
form. The cavity can be partially refilled with eutec- 
tic metal, or the graphite formation may swell the 
whole section leaving the shrink cavity intact. In 
this manner, microscopic examination of the metal 
structure would not necessarily be indicative of how, 
or exactly in what sequence, the graphite formed. Fig- 
ure 12 is a sulfur print of a dry sand casting with a 
similar type cavity which has been complete refilled 
with exuded metal. This particular casting received 
no unusual treatment. 

C. Study of Mold and Riser Behavior—Measurement 
of Dilation During Solidification—An experimental pro- 
cedure was developed to assess the significance of 
mold dilation (expansion) to risering requirements. 
Dilation was measured by connecting an Ames dial 
to a thin steel plate molded at the mold-metal inter- 
face. A cylindrical casting 2 in. in diameter and 5 in. 
high was used for these experiments. Castings were 
made in both green and dry sand molds. Figures 21 
and 25 show the apparatus in detail and as it was 
set up. Typical of the results are the curves shown 
in Fig. 16. It can be seen that there is no appreci- 
able dilation in dry sand molds. Green sand shows 
dilation almost from the instant of pouring through 


the eutectic hold. The shapes of the two green sand 
curves indicate that dilation may proceed at differ- 
ent rates but still reach the same end point. The 
reason for this may be connected with pouring tem- 
perature and/or sand characteristics, but is not 
known at present. The effects of such characteristics 
are obviously important in risering efficiency. 

Curve No. 1 shows rapid dilation while the metal 
is all liquid, and a hold during austenite formation. 
Small shrink bobs should be able to feed castings 
with this type behavior efficiently. Curve No. 2 indi- 
cates slower but continuous dilation during austen- 
ite formation. Under such conditions, an ordinary 
shrink bob may freeze before the eutectic is reached. 
When this happens, pinholing or draws may form 
near its base. Both curves show continued dilation 
when the eutectic is reached and graphite subse- 
quently formed. Curve No. 3 from dry sand indicates 
that the mold is strong enough to resist both initial 
dilation and that caused by graphite precipitation. 

Dunphy and Pellini® in their paper reported dila- 
tion occurring only when the solidifying system was 
enclosed in solidified walls of iron. Then the dila- 
tion was only due to graphite precipitation. Their 
reasoning is sound, but since their apparatus was 
designed to measure metal movement only their find- 
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Fig. 16—Dilation of green and dry sand castings. 
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Fig. 17—-Shrinkage characteristics of three green sand 
castings poured at different temperatures. 
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Fig. 18—Profiles of green sand castings comparing cast- 
ings and pattern dimensions. 
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Fig. 19—Shrinkage characteristics of gray iron in green 
and dry sand molds. 
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Fig. 20—Average profiles of three dry sand and 11 green 
sand risered castings. 


ings do not explain their observations. Our investi- 
gation considered both mold wall and metal move- 
ment. With superior sand and good molding, dila- 
tion can be overcome. (Evidence of this is in the 
quantity of good industrial castings produced.) With 
their closed system in green sand, they observed dila- 
tion caused by graphite precipitation. In our closed 
system in dry sand, no dilation was observed on 
graphite precipation. The conclusion could be that 
the two sets of results overlap. One, utilizing a strong 
green sand, reports dilation only when the system 
can expand no other way. The other, possibly with 
weaker green sand, reports dilation always, and with 
dry sand that is stronger than the best green sand 
reports no dilation at all. 

D. Direct Measurement of Shrinkage—An insulated 
riser technique was evolved for studying shrinkage. 
The riser was 114 in. in diameter and 4 in. high. It 
fed a 3 by 6-in. cylindrical casting. The riser cavity 
was formed by a shell of “C” process sand approxi- 
mately 4, in. thick. The shell was then packed with 
114 in. of vermiculite. The top of the riser was in- 








Fig. 21—-Dilation apparatus. 


sulated with rice hulls on completion of pouring. 
The fall of the liquid level in the riser was followed 
with a metal probe thrust through the rice hull cov- 
ering. These measurements were then converted into 
volumes. Figures 22 and 26 illustrate this apparatus. 

Figure 17 shows the effect of pouring temperatures 
on riser demand in green sand molds, and Fig. 19 
shows the effect of green and dry sands. The most 
notable feature of these curves is that in almost all 
instances, the risers cease feeding before the center 
of the casting reaches the eutectic temperature. The 
curves are plotted as volume of feed metal against 


Fig. 22—-Apparatus for measuring shrinkage. 
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Fig. 23—Rotating apparatus. 


the temperature of the casting. Since there is a ther- 
mal block developed at the liquidus resulting in a 
period of constant temperature for 40 to 50 sec, any 
volume changes occurring during this period appear 
as vertical lines. Actually the volume change de- 
velops over an interval of time. This accounts for 
the sharp vertical slope of some of the curves at the 
liquidus. It can be seen that higher pouring tem- 
peratures involve greater shrinkage effects. This is 
to be expected since liquid contraction must be fed 
as well as solidification contraction. The compari- 
son of riser feeding in green and dry sand molds, 
given in Fig. 19, illustrates that castings made in dry 
sand molds require less risering. 

The data from these experiments are too scarce, 
particularly in the liquid region, to expect any more 
than qualitative results. Also, the riser did not func- 


Fig. 24—-New feed measuring apparatus. 
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Fig. 25—Dilation measurement apparatus. 


tion as a relief valve for the system when the graph- 
ite precipitated. It had been hoped that the riser 
would remain liquid long enough so that when the 
graphite precipitated, instead of enlarging the cast- 
ing, it would force the still liquid eutectic metal back 
into the riser. The riser fed efficiently as evidenced 
by their relatively flat tops, Fig. 14. The heat flow 
of the system is such that mere insulation is not 
enough. To correct the heat flow pattern a very 
large riser would be necessary, and measurements 
would be more difficult than ever since large changes 
in height over a very small cross-section are more ac- 
curate than small changes over a large cross-section. 
To circumvent this difficulty, the method now in use 
was evolved; a l-in. diam riser 10 in. high is enclosed 
in a resistance furnace, which pumps heat into the 
system and keeps the riser molten as long as neces- 
sary. Figure 24 is a picture of this newer piece of 
equipment. 

Castings made by this method and many similar 
cylinders risered without the insulating sleeve, were 
carefully measured with micrometers. It was found, 
without exception, that the green sand castings had 
larger dimensions than the dry sand castings. The dry 
sand castings adhered closely to the dimensions ex- 
pected from allowance for solid contraction. The 
green sand castings showed dimensions almost the 
same as the pattern from which they were made. 
Figure 20 illustrates this point. There are average 
configurations of castings made from the same pat- 
tern. It is interesting to note how both types of 
castings are dished near the center. This is a form 
of external feeding which promotes soundness. Many 
castings of irons with low carbon equivalents could 
not be made sound without elaborate or expensive 
risering systems if this did not occur. The castings 
shown in Fig. 13 are examples of how dishing will 
promote soundness and how some types of porosity 
may occur. These two castings are similar in size to 
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Fig. 26—Assembly for measuring rate of shrinkage. 


those previously mentioned. However, they were 
poured in open top molds. One casting was poured 
and left to solidify. The other was covered with rice 
hulls immediately after pouring. The top of the 
open casting quickly froze. When the eutectic solidi- 
fied the shrinkage demand (small as it is) was met by 
the movement of the weak walls. There appears to 
be a limit beyond which the walls cannot move to 
satisfy such shrinkage. Particularly larger castings 
evidence this. An inertia effect created by the larger 
masses involved and possible mechanical bridging 
prevent too much movement. (Note Fig. 15.) The 
casting which was insulated on top did not freeze 
prematurely. When the eutectic solidification de- 
manded feed metal, the atmosphere was able to pen- 
etrate the mushy mass at the top and work down- 
ward between the dendrites. It can be seen that this , 
porosity extends almost a third of the way down the 
casting. With the system thus relieved by atmospher- 
ic pressure, the walls did not have to move. Figure 
18 illustrates the configuration of these two castings 
as measured with micrometers. 

This simple experiment develops the theory that 
it is easiest for the atmosphere to satisfy reduced pres- 
sures within the casting by attacking the system at its 
weakest point. If for instance it is easier to pene- 
trate a hot spot formed by a knock-off core than move 
the mushy metal in the riser, it will do so. This re- 
sults in porosity directly below the riser, where it is 
least expected. Internal angles are also weak points. 


Ill. Conclusions 


A. Sand is an important variable in controlling 
gross shrinkage defects. Such defects, called sinks, 
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draws, pipes, or shrinks, can often ~be remedied by 
sand control. It should not be felt that the use of 
dry sand molds is the only remedy for such defects. 
Dry sand is probably the surest method of control, but 
is expensive for production work. 

B. Graphite precipitation will account for some of 
the expansion in castings. These dimensional changes 
are not necessarily connected with shrinkage defects. 

C. If for any reason normal graphite formation 
is inhibited or delayed, normal risering practice may 
function erratically. Hydrogen, oxygen, and water 
vapor are harmful in this respect. 

D. The graphite formed during solidification does 
not necessarily need to compensate for all solidifica- 
tion shrinkage to produce internally sound iron. Ex- 
ternal dishing of the casting can make up the dif- 
ference. 

E. The feeding action of the riser may stop after 
only 20 to 40 per cent of the metal has solidified, 
due to bridging of dendrites across the feed channel. 

F. Gray iron risers feed liquid shrinkage, mold 
dilation, and very little solidification shrinkage. 


IV. Summary 

Briefly summarizing, the work done since January 
1950 is as follows: 

1. A complete bibliography has been prepared 
covering the risering of gray iron." 

2. Castings submitted by the Gating and Risering 
Committee were sectioned and examined.? The re- 
sults of this work showed that those castings with no 
localized shrinkage had shorter zones of columnar 
dendrites than the castings exhibiting local shrinks. 
It was concluded that solidification behavior may 
thus affect the type of shrinkage observed. 

3. A method of measuring shrinkage was sought. 
Preliminary attempts by direct measurement of the 
void formation were not considered adequate or ac- 
curate. 

4. Rotation of spherical castings, 4 in. in diam, 
during the solidification process was tried; the pur- 
pose was to completely isolate the shrinkage within 
the casting for easier measurements. These castings 
were poured in green and dry sand molds under vari- 
ous test conditions. The results indicated that the 
shrinkage observed in castings from green sand molds 
was not indicative of true solidification shrinkage 
since these castings dilated while freezing. This fact 
was observed while comparing the size of these cast- 
ings with that of the sound castings made in dry 
sand molds. Measurement of the solidification shrink- 
age of the dry sand castings was impossible because 
these castings seemed to shrink by external deforma- 
tion. 

5. The effect of gases such as those encountered in 
melting the metal or in the mold was investigated, 
still using the spherical castings. Hydrogen, oxygen, 
and water vapor appear to promote shrinkage in 
normally sound, dry sand castings. Water vapor pro- 
duced gasiness in both the dry and green sand cast- 
ings. Nitrogen and carbon dioxide had no effect 
whatever. 

6. Dilation of a cylindrical casting during solidi- 
fication was measured using Ames dials. The results 
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show that in green sand molds dilation starts soon 
after pouring. When the eutectic is reached, dila- 
tion continues at a lower rate. Dry sand castings in- 
dicated no dilation at all. 

7. Rate of riser feeding was determined in a pyc- 
nometer type casting by measuring the fall of the 
liquid level in a riser of small diameter. It was 
shown that the risers for both green and dry sand 
castings stop feeding before the center of the casting 
reaches the eutectic. An indication of the quantity 
of metal required to feed dilation was also deter- 
mined. Limitations of the accuracy of the results 
using an insulated riser in these experiments 
prompted development of better apparatus to con- 
tinue these and future experiments. 

8. New equipment which maintains the riser in a 
molten condition while the casting solidifies, was 
constructed. This consists mainly of a tall, thin riser 
enclosed in a resistance furnace. Such a procedure 
keeps the riser molten so that any volume changes 
occurring in casting during solidification will cause 
a fluctuation of the riser level. This is similar to the 
action of an ordinary thermometer. The liquid level 
in the riser is followed as shrinkage occurs, with a 
metal probe which lights an electric bulb when con- 
tact is made with the surface of the metal. 


V. Plans for Future Work 

The pycnometer type apparatus for measuring 
shrinkage has only recently been completed; about 
four test runs have been made to date. Modifications 
are being made on the basis of current tests, and it 
is expected all necessary changes will be made and 
test work resumed on January 5. Results have been 
encouraging. This apparatus combines the features 
found necessary by past experience. 

Using the molten-metal pycnometer, the following 
will be done: 

1. Measurements will be made of the rate of shrink- 
age of gray iron as effected by (a) mold, (b) com- 
position, (c) pouring temperature, and (d) gases. 

2. The volume of shrinkage will be determined as 
it is effected by the above variables. 

3. The influence of solidification on shrinkage 
characteristics will be assessed; that is, any unique 
changes in shrinkage behavior will be explored to 
see if there are attendant changes in micro- or macro- 
structure. 

4. The effects of mass, cooling rate, pouring rate, 
pouring temperature, and superheat will be studied 
in detail if there are indications these variables in- 
fluence shrinkage characteristics. 

5. At conclusion of work a simple, easily under- 
standable report will be prepared designed specific- 
ally for interpretation and use of the practical men 
in the shop. Such a simple interpretation cannot be 
made until a more clear understanding of the prob- 
lem has evolved. 
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DISCUSSION 


Chairman: J]. S. VANicK, International Nickel Co., Inc., New 
York. 

Co-Chairman: F. J. Dost, Sterling Foundry Co., Wellington, 
Ohio. 

Recorder: C. A, JOHNSON, Armour Research Foundation, Chi- 
cago. 

L. G. MILLER (Written Discussion)" The relation between 
piping tendency and the sea coal content of molding sand was 
established by experiments conducted at the Engineering Ex- 
periment Station of Michigan State College in 1939 and 1940. 
Results of this work were published in the Transactions of the 
American Foundrymen’s Association, vol. 48 (1940) under the 
title “Influence of the Mold on Shrinkage in Ferrous Castings.” 
This investigation was part of a program of foundry research 
proposed by Professor H. L. Womochel, and was carried out 
under his supervision. This paper was the original paper of 
the several on this important subject, and still remains the most 
complete. 

The subject of the relative effect of various types of clay bond 
on shrinkage was discussed in Michigan Engineering Experi- 
ment Station Bulletin No. 92, July, 1941, under the title “Effect 
of Green Compressive Strength of Molding Sand on Shrinkage 
defects in Gray Iron Castings” by H. L. Womochel and C. C. 
Sigerfoos. 

C. C. Sicerroos (Written Discussion):2) Authors Schmidt and 
Taylor as well as the Research Committee of the Gray Iron 
Division are to be highly commended for the progress being 
made in basic foundry research as reported in “Risering of 
Gray Iron Castings.” The authors have recognized the vast 
complexity of the problem of risering gray iron and they have 
attacked the problem by making castings using methods that 
appear to give control over the molten metal and the mold ma- 
terials. The ingeniously devised experimental equipment has 
yielded data that the practical foundryman can understand and 
appreciate. The closely controlled practical approach to riser- 
ing problems described in this paper is in considerable contrast 
to some of the highly theoretical heat transfer solutions being 
offered. The mathematical treatment has a certain degree of 
merit, but it must be recognized as difficult to apply even when 
it is well understood. 

It is encouraging to note that this AFS-sponsored research is 
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in general agreement with the previous work of Womochel and 
Sigerfoos, AFS Transactions, 1940' and Sanders and Sigerfoos, 
AMERICAN FOUNDRYMEN, Jan., 19512. In these papers it was 
clearly pointed out that the effect of the mold materials on ap- 
parent shrinkage is very large. It is sincerely hoped that the 
evidence presented in these earlier papers together with this 
report by Schmidt and Taylor will go far in correcting the ser- 
ious mistake that was made by the authors of the “Analysis of 
Castings Defects” book that very bluntly states that mold or 
core sands do not cause shrink cavities or depressions. 

The plans for future work as outlined in this paper are very 
broad and cover the principal phases of shrinkage. Certainly no 
factor in this important study should be neglected. However, it 
appears that in the past more work has been done on the metal- 
lurgical aspects of true shrinkage (change in molten metal 
density) than has been done on apparent shrinkage (due to 
mold dilation). This leads to the suggestion that the most 
practical and fruitful research in the near future would be on 
the study of mold materials. For example, answers to the fol- 
lowing questions would seem very important: Can a correla- 
tion be found between the physical properties of molding sand 
and the mold dilation (mold wall movement) that occurs dur- 
ing and after pouring? What laboratory instrument can be 
developed to measure a sand’s tendency to dilate? What new 
materials can be found to inhibit dilation? Answers to these 
questions would obviously greatly assist in providing practical 
solutions to many gray iron risering problems. 
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Mr. Scumipt: It is recognized that mold dilation has pro- 
found effects on the observed shrinkage of gray irons. Because 
of these effects, this problem will have to be recognized and a 
solution gained before the entire shrinkage problem is solved. 

However, there are certain metallurgical factors involved with 
equally profound effects which must be acknowledged and care- 
fully studied before a coherent program of risering practice 
can be presented to the industry. 

R. W. Krart:3 Are the shrinkage characteristics due to the 
strength of the dry sand or the moisture content therein? 

Mr. Scumipt: The mositure content of the molding material 
appears to have little effect on the shrinkage characteristics of 
the iron in a metallurgical sense. 

It seems that the moisture in green sand effects its strength 
at elevated temperatures in such a manner that metals which 
freeze without a solid supporting skin can dilate. 

C. R. Iste1s:4 Do you draw any conclusions from the graph, 
Fig. 2, and does this connect with the second point of your 
summary? 

Mr. Scumipt: At the present time, the work in progress has 
not been extended to cover this point. 

1 Dean of Engineering, Michigan State College, East Lansing, Mich. 

2 Assoc. Prof. of Mechanical Engineering, Michigan State College, East 
Lansing, Mich. 
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4 Metallurgist, International Nickel Co., Inc., Bayonne, N. J. 





SOLIDIFICATION OF CYLINDERS 


By 


V. Paschkis* 


|. Introduction 

All projects carried out so far in the cooperative 
endeavor between the A.F.S and Columbia University 
deal with greatly simplified conditions in which heat 
flow occurs in one direction only. Slabs, for example, 
were thought of being sufficiently long and wide so 
as to permit disregarding all end effects; heat flow and 
solidification would proceed only in the direction of 
thickness, perpendicular to the surface of the slab. 

Spheres are, mathematically speaking, one-dimen- 
sional problems. 

Cylinders, as far as they have been treated to date, 
were considered to have been so long that heat flow 
through the ends could be disregarded and solidifi- 
cation and heat flow were thought of occurring in 
radial direction only. 

Actual castings always do have end effects and 
therefore work was undertaken to show the increased 
rate of solidification in bodies exposed to cooling in 
two directions. Specifically, a cylinder of finite length 
was selected. 

Previous investigations of this laboratory had es- 
tablished for cylinders only times to reach the liqui- 
dus; therefore complete solidification of a cylinder 
without end effects was now studied, to serve as basis 
for a comparison with two dimensional freezing 
(cylinder with end effects). 


Il. Properties 

The thermal properties for all investigations were 
the same as those formerly used. A _ solidification 
range from 2700 to 2600 F was assumed although it 
is now recognized that such range would be somewhat 
unusual for the carbon steels under consideration. 

The error incurred by assuming this solidification 
range can be estimated from the report of the Heat 
Transfer Committee “Influence of Properties on So- 
lidification of Metals,” TRANsAcTIoNs, A. F. S., vol. 
55, p. 54 to 61 (1947). The value was chosen because 
investigations of solidification of large slabs and of 
spheres were carried out using this range. 


* Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Columbia University, New York. 

This is a Progress Report on an A.F.S.-sponsored Research 
Project on Heat Transfer. 
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The values used were as follows: 


Thermal Conductivity: 
Liquid steel 
Solid steel 
Sand 


9.2 Btu/ft, hr, F 
18.4 Btu/ft, hr, F 
0.9 Btu/ft, hr, F 


Specific heat: 
Liquid steel 
Solid steel 
Sand 


0.2 But/lb, F 
0.165 Btu/lb, F 
0.28 Btu/Ib, F 


Density: 
Liquid steel 
Solid steel 
Sand 


450 lb/cu ft 
468 lb/cu ft 
93.6 lb/cu ft 


Heat of fusion: 126 Btu/Ilb 
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Fig. 1—Progress of solidification. Long cylinder, 2-in. 
diam. Pouring temperature, 2845 F. Sand at 70 F. 
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Thickness of sand: “Sufficient,” that is, selected 
so that at end of solidification no appreciable tem- 
perature rise occurs at the outer surface of the sand. 


Ill. Long Cylinder 


1. Progress of solidification. The solidified thickness 
(radius) is plotted in Fig. 1 against time after pour- 
ing. In the investigation it was assumed that the 
mold is filled in so short a time that this filling time 
may be considered zero. 

It will be noted that the time to reach the solidus 
at the center is 220 sec. 

2. Necessary sand thickness. It was found that sand 
at a distance of 2.2 in. measured from the axis of the 
cylinder did not show any appreciable temperature 
increase. 

3. Consideration of volume/area ratio. Chvorinoff! 
has stated that castings of various sizes and shapes 
solidify according to the ratio volume/area hereafter 
called shape factor, S, and that the solidification time 
is proportional to the square of this ratio. The ratio 
has the dimension of length. 

Former investigations seemed to disprove this claim 
but were based on the old, and by now discarded, 
concept of solidification being completed upon reach- 
ing the liquidus. 

Bodies of equal shape but different size, such as 
spheres of various diameters or cylinders of great 
length and varying diameters solidify in times pro- 
portional to the square of their critical dimension. 

For the three simple shapes (sphere, long cylinder 
and slab with no end effects) the shape factor, S, can 
be expressed in terms of a critical dimension, D, as 
follows: 

Sphere S$, = D/6 (critical dimension: diameter) 
Cylinder $5, = D/4 (critical dimension: diameter) 


Slab S, — D/2 (critical dimension: thickness) 


Former experiments have shown that the time to 
reach the solidus, that is complete solidification time, 
is a function of the degree of superheat. Table | 
shows the times for complete solidification for slab 
and sphere, both having a shape factor S$; = S, = 2 
in. In addition, in Table 1 the ratio of the times is 
shown and it will be seen that for high degrees of 
superheat the ratio is nearly 1. For low degrees of 
superheat however the ratio is somewhat smaller and 
becomes quite low near the liquidus, that is with 
very small degrees of superheat. 

It is interesting that the cylinder apparently fits in 
well with Chvorinoft’s concept (See Tables 2 and 3). 

Based on former experiments Table 2 has been 
set up which shows solidification times for the three 
different bodies for different sizes. Table 3 shows the 
solidification times reduced to the same critical di- 
mension, D, and the ratios of these times. Table 2 
contains moreover the ratios of shape factors as well 
as the square of these ratios. 

It may be noted that the ratio of square of the 
shape factor ratios cylinder/sphere is 0.25 and slab, 
sphere is 0.111. The corresponding ratios of times 
use 0.251 and 0.108 respectively. 

Obviously the check is very good. 

Values of solidification time for the cylinder poured 
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at low temperatures are not available. 

The three shapes mentioned before are, mathemat- 
ically speaking, one-dimensional. The finite cylinder 
discussed in Section IV is the first two-dimensional 
problem within the cooperative research program. 


IV. Short Cylinder 


1. Experimental difficulties. It was planned origin- 
ally to investigate a cylinder of a length seven times 
the diameter. Extreme difficulties in building the 
circuit were the reason for changing the procedure 
for starting with a cylinder of length equal to the 
diameter. It is planned in future years to increase 
that ratio up to the point where radial solidification 
at mid height equals the radial solidification. in a 
cylinder of infinite length. 

Even with the cylinder of 1:1 ratio difficulties were 
encountered which are described in Appendix 1. 
These difficulties made a change of procedure neces- 
sary. In the computational tests which were carried 
out only the steel casting was investigated, not the 
sand. In order to explain that, it should be remem- 
bered that during solidification heat flows from the 
steel into the sand. It is known that during solidifi- 
cation the interface temperature between casting and 
sand remains almost constant. Under certain simpli- 
fying assumptions the interface temperature is en- 
tirely constant and is called the “Riemann tempera- 
ture,” because Riemann has shown how to compute 
this temperature (see Appendix 2). 

In the computation experiments, it was assumed 
that the surface of the casting remains permanently 
at the Riemann temperature; then additional com- 
putations were made in which after a specified length 
of time the interface temperature between casting 


TABLE 1—RELATIVE INFLUENCE OF POURING TEMPERA- 
TURE ON SONIDIFICATION Rates (S, = S, = 2 
(Time to Reach Solidus) 





Pouring Solidification Time, Sec Ratio 

Temp. F Slav (D = 4in.) Sphere (D=12in.) Slab/Sphere 
3010 4600 4320 1.06 
2900 3900 3920 0.99 
2820 $280 $520 0.93 
2800 3100 3400 0.91 
2740 2375 $280 0.73 





TABLE 2—CoOMPARISON OF SOLIDIFICATION TIMES 





Size (D) Times, sec to reach Pouring 
Shape in. Liquidus Solidus Temp. F 
Sphere 6 480 oe ope 
Cylinder 2 98 220 2845 
Slab 4 : 510 3500 2845 





TABLE 3—SOLIDIFICATION TIMES OF TABLE 2 





REDUCED TO CRITICAL DIMENSION D = 2 IN. 
Ratio of 
Shape Time to 


Size, Times, sec to reach factor S, reach Solidus 





Shape in. Liquidus Solidus in. S$? (Slab = 1) 
Sphere 2 53.3 4% #Y%  O111 0.108 
Cylinder 2 98 220 \ 0.25 0.251 
Slab 2 127 875 1 1 1 
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Fig. 2—Time-temperature curves for interface. Cylinder, 
2-in. diam, 2 in. long. Pouring temperature, 2845 F. Inter- 


and mold was dropped to a value 10 pct below the 
Riemann temperature. No tests were run with the 
interface at a temperature higher than the Riemann 
value. 

In order to estimate the time at which the tempera- 
ture dropped, a preliminary experiment was run in- 
cluding steel and sand. This experiment covered 
only the very early parts of solidification and even 
for these values must be considered only approxi- 
mate. The surface temperatures were observed and 
are shown in Fig. 2. It will be seen that the proper- 
ties mentioned in Part II, the temperature at the 
interface at the start of solidification actually drops 
to within roughly 2 pct of the Riemana temperature, 
but at present after 20 to 40 sec drops to a value 
roughly 10 pct below. It was not practical to lower 
the interface temperature gradually and _ therefore 
the decrease of the interface temperature was made 
in one step optionally at two different times after 
pouring. Appendix 3 comprises a discussion of the 
validity of the approach by comparing one dimension- 
al solidification in sand with that obtained by as- 
suming “Riemann temperature’ at the interface. 


2. Method of presentation. In two-dimensional sol- 
idification there is a choice of different ways of pre- 
senting the progress of solidification. It is either pos- 
sible to draw several sets of curves similar to Fig. 1, 
each set holding for a specified distance from the flat 
surface of the cylinder. Such a presentation would 
not be very clear with regard to the axial distribu- 
tion of solidification. 

Instead a dual method of presentation is selected. 
Figure 3 shows the pattern of measured points in the 
cylinder. Tables are presented to show the times at 
which each point reached the liquidus and solidus 
respectively at each of these points. In addition fig- 
ures are shown (for example Fig. 4) in which iso- 
chrones are drawn. Isochrones are lines which con- 
nect all points in a casting which reach a specified 


80 90 100 110 120 130 140 150 160 


face held at Riemann temperature (2444 F). For meaning 
of location 1 and 25 see Fig. 3. 


temperature at the same time. Each isochrone there- 
fore carries as notation a time. Such isochrones are 
shown for the liquidus and the solidus temperature 
and for the different assumptions regarding the inter- 
face temperature. 

3. Results. Results are shown as follows: Table 4 
holds for the liquidus and Table 5 for the solidus. 
In each table the time to reach liquidus or solidus 
is noted for each of the 28 points in the circuit. Each 
table contains information for three experirents: the 
interface being held at the Reimann temperature 
(2444 F) during the entire solidification; the inter- 
face being held for 40 sec at the Reimann tempera- 
ture, then dropped to 2200 F; and the interface being 
held at the Riemann temperature for 20 sec, and then 
dropped to 2200 F. For each experiment, three col- 
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Fig. 3—Distribution of observation points. 
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ISOCHRONES (LIQUIDUS ); POURING TEMPERATURE 28645 F 
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Fig. 6 


umns are shown with the minimum and the maxi- 
mum time observed and probable time. Any point 
reaching recorded change before 40 and 20 sec re- 
spectively undergoes the changes in all three experi- 
ments at the same time. Therefore, minimum and 
maximum valyes are not repeated beyond the “Rie- 
mann Temperature test.” 

The probable value of time is selected on the basis 
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of notations made during the tests. For example, if 
in a run it was noted that the change at a certain 
point was made too late (e.g. Table 2, Point 7) then 
the late time was disregarded in selecting the prob- 
able value although under “maximum” the late time 
is listed. 

Figures 4 to 6 comprise the isochrones for reaching 
the liquidus and Figs. 7 to 9 those for reaching the 
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TABLE 4—VALUES OF TIME TO REACH THE LiQuIDus, 
SEC 


SOLIDIFICATION OF CYLINDER: 


ISOCHRONES (SOLIDUS ); POURING TEMPERATURE 2845 F 
INTERFACE AT RIEMANN TEMPERATURE (2444 F ) 
FOR 20 SEC; THEN DROPPED TO 2200 F 
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TABLE 5—VALUES OF ‘TIME TO REACH THE SOLIDUS, 
SEC 





Interface at Riemann Interface at Riemann _Interface at Riemann 
Temperature Temperature for 40 sec Temperature for 20 sec 





Point Min Max Probable Min Max Probable Min Max Probable 





| 





1 6.1 6.7 6.3 6 6.3 
2 36.0 42.2 38.3 38.3 30.0 32.0 31.0 
3 53.7 60.1 54.5 54.2 $43 54.3 47.0 50.1 48.5 
4 57.6 78.6 65.0 65.0 ? 65.0 56.6 61.3 58.0 
5 4.7 5.0 4.8 4.8 4.8 
6 27.9 35.2 28.0 28.0 27.0 27.2 27.1 
7 42.5 44.9 42.8 41.8 41.8 38.1 39.6 38.9 
8 S17 S02 52.7 49.1 53.0 49.5 41.9 44.1 43.0 
9 1.3 1.6 1.3 1.3 1.3 
10 8.9 9.8 9.4 9.4 9.4 
11 19.3 22.5 19.4 19.4 19.4 
12 23.7 28.6 24.4 24.4 27.8 22.0 22.0 
13 25.7 30.4 26.4 26.4 ? ? 
14 27.3 32.0 28.0 28.0 25.0 26.4 26.0 
15 1.5 2.2 1.6 1.6 1.6 
16 8.7 9.6 9.4 9.4 9.4 
17 15.3 19.2 17.0 17.0 17.0 
18 18.6 21.2 18.8 18.8 18.8 
19 1.3 1.6 1.3 1.3 1.3 
20 6.5 8.3 6.6 6.6 6.6 
21 8.1 10.7 9.0 9.0 9.0 
22 8.3 10.0 9.6 9.6 9.6 
23 4.8 5.0 4.8 4.8 4.8 
24 4.8 5.0 4.8 4.8 4.8 
25 0.7 1.0 0.7 0.7 0.7 
26 1.3 1.6 1.3 1.3 1.3 
27 1.3 1.6 1.3 1.3 1.3 
28 1.6 2.0 1.6 1.8 1.8 





solidus. Figures 4 and 7 are based on the case of con- 
stant interface temperature; Figures 5 and 8 cover 
the case of a temperature drop after 40 sec and Figs. 
6 and 9 for a temperature drop after 20 sec. 

4. Conclusions. (a) The probable total solidifica- 
tion time of the casting is between 83 and 116 sec; 
total solidification time being the time for the cen- 
ter af the body to reach the solidus. 

(b) The time when the interface temperature is 
assumed to drop from the Riemann temperature to 
a value 10 pct below is of some influence on the 
total solidification time. However, the influence is 
more marked from “no change to any change” as 
compared to the specific time of change: from “no 


Interface at Riemann Interface at Riemann _Interface at Riemann 
Temperature Temperature for 40 sec Temperature for 20 sec 


Point Min Max Probable Min Max Probable Min Max Probable 





t 83S 32 342 34.2 26.2 28.2 27.2 
2 88.0 100.2 90.0 66.3 66.5 66.4 54.0 59.5 56.7 
3 106.2 112.9 108.9 81.9 85.1 83.5 70.3 75.6 72.8 
4 112.7 120.8 116.2 88.1 90.4 89.2 76.7 82.0 79.3 
Ss ee 3S 20 28.0 23.5 24.5 24.0 
6 66.5 74.6 69.8 56.2 56.3 56.3 45.7 49.3 47.5 
7 92.5 100.6 96.0 73.7 73.7 62.3 67.9 65.1 
§ 100.9 109.8 104.6 79.9 80.9 80.4 68.2 74.0 71.1 
9 110 11.9 11.4 11.4 11.4 
10 25.3 27.0 26.0 26.0 22.6 24.2 23.9 
11 45.1 47.4 46.0 42.5 42.8 42.7 31.4 35.1 33.2 
12 48.7 53.7 50.5 44.8 45.5 45.2 34.0 40.0 37.0 
13 64.2 69.4 65.1 55.4 55.4 44.1 47.2 45.6 
14 71.0 77.2 72.0 59.5 60.3 59.9 48.0 55.3 51.6 
15 9.2 12.3 11.0 11.0 11.0 
16 923.1 25.6 23.1 23.1 223 23.6 22.3 
17 32.8 42.8 34.0 34.0 26.4 31.0 28.5 
18 42.3 48.2 44.4 40.3 41.5 40.9 30.0 35.9 32.9 
19 7.3 8.1 7.8 7.8 7.8 
20 = 16.1 20.0 17.0 17.0 17.0 
21 22.3. 26.2 23.0 23.0 21.0 
22 23.9 25.1 24.5 24.5 22.0 22.0 
23 26.9 30.0 27.6 27.6 22.6 24.1 23.3 
24 29.5 32.6 31.6 31.6 24.2 
25 4.7 5.7 4.8 4.8 4.8 
26 8.3 10.8 8.3 8.3 8.3 
27 9.1 10.3 9.6 9.6 9.6 
2810.9 __—i13.1 10.9 10.9 10.9 





change” to 40 sec, the solidification time drops from 
116 to 94 sec whereas the variation “‘40-second change” 
to “20-second change” is only from 94 to 83 sec. 

5. Consideration of volume/surface ratio. (a) The 
shape factor of this finite cylinder with a height — 
the diameter — 2 in. is 1/3 in, (the volume is 2z, the 
surface area 6r). A sphere of 2-in. diam has a shape 
factor of 1/3 in. According to Table 2, a 6-in. sphere 
requires the solidification time of 850 sec; a 2-in. 
sphere therefore will require 850/9 — 94 sec. 

The solidification times, assuming constant surface 
temperatures (83 to 116 sec) straddle this value. It 
is too early to state definitely the actual solidification 
time. 
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V. Further Work 


It is suggested to expand the work in two direc- 
tions: 

(a) Perfect the technique, so that solidification 
of the short cylinder in sand can be studied com- 
pletely. 

(b) Study the implications of the Riemann tem- 
perature. Should it be possible to establish relation- 
ships between volume of casting and mold on one 
side and interface vs the Riemann temperature on 
the other a great simplification of casting studies 
would be obtained. It cannot be stated at this time 
if work with the Riemann temperature will prove 
permissible, but if so, it will be possible to predict 
cooling rates from an observation of the interface 
temperature, 

APPENDIX | 


Description of Difficulties Encountered 


1. General Comments—In the computation exper- 
iments on the Heat and Mass Flow Analyzer, the 
casting and mold are each represented by a resistance 
capacitance network. The two networks have to be 
computed in a certain relationship which depends on 
the thermal properties of steel and sand. Moreover 
the circuit elements depend on the time scale used: 
the longer the computing experiment should run, 
the higher the resistance and capacitance values be- 
come. 

In representing two-dimensional problem a large 
number of units must be used. It seemed reasonable 
to have in the steel at least 28 points of observation. 

It is necessary to carry out the experiments in not 
too short a time because of the difficulty of observ- 
ing the 28 points in one. On the other hand if the 
times become too long the tests become unreliable 
because of leakage. 

In order to represent a cylinder on the computer 
the body is thought of divided into a number of 
radial and axial layers of equal thickness. Proceed- 
ing radially from the center toward the outside the 
volume of each layer increases and the electric cap- 
acitances accordingly. This results in the use of very 
small capacitances in the center and larger ones on 
the outside. Small capacitances tend to accentuate 
the leakage difficulties. 

2. Cylinder with ratio 7:1— For such a cylinder it 
was found that the capacitances and resistances neces- 
sary to represent the system for a reasonable time 
scale became excessive. Since not enough equipment 
was available it was decided to start with the cylinder 
with the ratio 1:1. 

3. An initial experiment was run with a time ratio 
1:1, that means that one second in the electric com- 
puting experiment represented one of actual solidi- 
fication time. Since the total solidification time is in 
the order of magnitude of 90 to 100 sec, operators 
had to follow the temperature changes and manually 
contro! a total of 84 changes: there are 28 points of 
observation in the circuit and at each point three 
changes are to be made. The first which consists in 
introducing the heat of fusion; the second, in chang- 
ing the thermal properties from liquid to solid values 
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and the third in disconnecting the heat of fusion. 

It was found that it was impossible, even with 
three operators to carry out 84 changes in roughly 
100 sec. A longer time ratio appeared necessary. Un- 
fortunately there were not enough circuit compon- 
ents available to introduce a longer time ratio. ‘This 
was the reason to eliminate the sand circuit and in- 
troduce the concept of the constant steel to sand 
interface temperature; or of a temperature changing 
in one step only. This procedure eliminates the neces- 
sity of working with the sand circuit and resulted in 
the availability of additional circuit components for 
the steel. Moreover the resistances in the steel are 
relatively low compared to those in the sand and 
thus the increased time ratio with the resulting in- 
creased required resistance is easier to build for the 
steel than for the sand. 


APPENDIX II 
Computation of the Riemann Temperature 


1. ‘Two slabs contacting each other and extending 
to infinite thickness in a line perpendicular to the 
plane of contact, interchange heat if both are initi- 
ally at different temperatures. Riemann has shown 
that under the conditions described the interface 
assumes a constant value from the moment of con- 
tact and holds this constant value permanently. 

The constant value can be computed from the 
thermal conductivity k, the volumetric specific heat 
c’ and the temperatures t of the two bodies as fol- 
lows: 

In the equation subscripts 1 and 2 designate prop- 
erties and temperatures of the two bodies respectively 
and subscript m the temperature of the interface. 
ty Vics’ + te Koc’ 

Vkicy’ + V Kate! 

Obviously the conditions described above do not 
hold in solidification problems. The properties of 
steel and sand change with temperature; in the steel 
heat of fusion is developing and neither body (cast- 
ing and mold) is of infinite thickness. Moreover, in 
the present case, the interface is not a plane surface 
but of cylindrical shape. Yet in first approximation 
it may be expected that the interface would be at or 
near the Riemann temperature. With the properties 


mentioned in Section II the temperature can be com- 
puted as follows: 


2845 \/9.2« 450 0.2+-70/ 0.9 93.6 0.28 
° V9.2X450K024+ /0.9X93.6X0.28 
— 2444 F 


APPENDIX Il 


Significance of Riemann Temperature 


Two interface temperature curves are shown in 
Fig. 2: one point at the circumference of the basal 
plane (opposite Point 25 in Fig. 3) and one near the 
axis (opposite Point | in Fig. 3). The latter shows 
an increase beyond the Riemann temperature, where- 
as the former drops very soon to a lower value. The 
great difficulties in carrying out changes of properties 
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Fig. 10—Time-temperature curve of interface. Long cylin der, 2-in. diam. Pouring temperature 2845 F. Interface 
held at Riemann temperature (2444 F). 


in the short run were the reason for not attempting 
to take such curves at other points of the surface. It 
was believed that the behavior of a point near the 
circumference of the basal plane (in the cross sec- 
tion: a corner; Point 25) was most characteristic, and 
based on this concept, the experiments of the short 
cylinder were run with the surface at the Riemann 
temperature or below. 

Upon completion of the test for the short cylinder 
a test was run to compare the solidification of a long 
cylinder freezing in sand with the solidification be- 
havior of a long cylinder the surface of which is 
held at the Riemann temperature. 

The total solidification time with the surface at 
the Riemann temperature was 160 sec as compared 
with 220 sec, in the case of solidification in sand. 

In order to examine the validity of this finding, the 
surface temperature was observed (Fig. 10). It started 
with approximately 2 pct of the Riemann tempera- 
ture and then increased. This may be explained by 
the fact that as soon as the first section has dropped 
to the liquidus temperature, the heat of fusion has 
to be represented. Considering the latter as a tem- 
porary increase of specific heat, and introducing the 
liquidus temperature as that of the metal, a Riemann 
temperature of 2534 F would be obtained. 

Based on this finding, the curves, Fig. 2, were re- 
examined. It appears possible that also in the short 
cylinder the interface temperature would increase be- 
yond the Riemann value. Deviation of the interface 
temperature from the Riemann value depends on the 
ratio of heat of fusion/ (specific heat x solidification 
range) and on the volumes of steel and sand. 

If relationships between these factors and the ef- 
fective interface temperature can be established, solid- 
ification studies could be greatly simplified. 


DISCUSSION 


Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 
Co-Chairman: W. S. PELLINI, Naval Research Laboratories, 
Washington, D. C. 


W. S. PELLINI (Written Discussion):* Dr. Paschkis has pre- 
sented the results of another important study related to the 
fundamentals of the solidification of metals. Developing of 
scientific principles is a long and difficult process and the ap- 
plication of these principles to practice also requires time and 
hard work by the practical foundryman. 

The proper application of Heat Transfer concepts to the 
problem of solidification is a highly specialized task and we are 
indeed fortunate to have the services of Dr. Paschkis in this 
undertaking. We are thankful also to Columbia University 
for this work. It may be “news” to many that funds which 
have been made available by the A.F.S. for this work have 
been matched dollar for dollar by the University. 

It is of interest that the data of Fig. 1 which relate to the 
solidification of a 2-in. diam, long cylinder indicate a freezing 
time of 3.65 min. N.R.L. data for the freezing time of 8-in. 
diam, long cylinders of 0.30 per cent C steel indicate a freezing 
time of 55 min, these data were obtained by thermal analysis 
of castings in the foundry. By calculation based on Chvorinoft 
the freezing time of 2-in. cylinders should be in the ratio of 
the squares of the thickness dimension: 


X (2)? (55) (4 
—_—= ey x = eae = 3.44 min. 
55 (8)? 64 


This is a very good check and presents further evidence of 
the reliability of the Analogue approach. It also indicates that 
the choice of solidification range as 2700 to 2600 F while “un- 
usual” (in that it represents a steel of higher carbon content 
that the 0.30 per cent C of usual interest) has not significantly 
affected the results. These are good reasons, all explained in 
previous reports, why this should be so. 

In this attempt to handle two-dimensional problems, difficul- 
ties related to the need for more equipment have arisen. In 
the previous work heat flow was considered to occur only in a 
direction perpendicular to the casting face, thus there was no 
need to consider lateral heat flow, i.e., heat flow towards the 
casting end. In simple terms the length of the casting was 
considered to be great in comparison with the thickness dimen- 
sion. With a short cylinder the problem is to evaluate the 
result of heat flow towards the casting surface and also towards 
the casting end. A great deal of effort and ingenuity was re- 
quired to solve this problem. Within the limits of available 
funds it was not possible to purchase additional electrical units 
and build the elaborate “set up” required to handle heat ‘flow 
in two directions in the casting and also in the sand. Thus, it 
was necessary to utilize the concept of a “calculated” interface 
temperature which could be used to represent the heat extrac- 
tion effects of the sand. The electrical units required for the 


1Head, Metal Processing Branch, Metallurgy Division, Naval Research 


Laboratory, Washington, D. C. 
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sand could now be used for the casting. Dr. Paschkis indicates 
that he is not entirely satisfied with the methods and that 
further trials would be required to assure that this procedure 
is completely reliable. 

There is a great deal of practical value in this work for 
many investigations which are too complex for the previous 
methods could be handled simply and with less expense should 
this method prove reliable. This means that in the long run 
the usefulness of the Analogue to foundry research would be 
increased. 

Most of the data which are presently available both from 
\nalogue and thermal analysis studies are specific to the solidi- 
fication rates and times of semi-infinite (long) shapes. If cor- 
rections could be applied for lengths less than semi-infinite 
(for example lengths less than approximately 6-7 times the 
diameter of a cylinder) it should be possible to estimate solidi- 
fication times for a great variety of practical castings. This 
paper indicates that the time required for the solidification of 
a 2-in. cylinder of a length greater than approximately 7 times 
the diameter is decreased to .37 to .52 if the length is equal 
to the diameter. Should this ratio be applied to cylinders irre- 
spective of diameter? For example, would the solidification 
time of an 8-in. diam cylinder 8 in. long also be .37 to .52 of 
the 55 min required for a long cylinder? Dr. Paschkis’ com- 
ments .would be appreciated. 
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Dr. PAscHKis (Reply to Mr. Pellini): I appreciate Mr. Pel- 
lini's kind words about the importance of our work. 

The new proof for the good correlation between the analogue 
approach and that by thermal analysis is gratifying. 

Regarding the query at the end of the discussion, I would 
like to answer as follows: 

If in two geometrically similar systems all dimensions are 
changed in the same ratio, then times to achieve a certain 
temperature change with the square of this ratio. This law 
was applied by Mr. Pellini in reducing the observed time of 
55 min (for an eight-inch cylinder) to 3.44 min (for a two-inch 
cylinder). The same procedure is permissible for short cylin- 
ders, and hence the question is to be answered by “yes”: 
solidification of a cylinder 8 in. diam, 8 in. long would be 0.37 
to 0.52 of the 55 min required for a long cylinder. 

The only limitation holds for long and short bodies alike: 
the square law ratio is valid if all dimensions change simul- 
taneously. This implies that the mold wall thickness (sand) 
for the 8-in. cylinder is four times as large as that for the 2-in. 
cylinder. In practice no such ratio prevails. But, fortunately, 
this is not significant if in either case the sand thickness is 
such that the temperature of the flask does not increase mate- 
rially during solidification. 





VEINING TENDENCIES OF CORES 


A Progress Report by A.F.S. Sand Division 
Committee 8-J 


ABSTRACT 


In addition to the previous conclusions the present work shows 
definite relationship between hot strength, hot deformation and 
veining tendencies of cores. 


Introduction 


This Progress Report covers further work by the 
Physical Properties of Iron Foundry Molding Materi- 
als at Elevated ‘Temperatures Committee 8-J accom- 
plished during 1952 on the occurrence of core vein- 
ing in gray iron castings. The initial report on this 
project was presented at the 1952 Annual Meeting 
and is recorded in the A.F.S. TRANSACTIONS, vol. 60, 
pp. 218-222 (1952). 

Test Cores and castings were made and inspected 
by members of the Committee at the University of 
Michigan, May 14-16, 1952. Laboratory tests were 
performed at the Harry W. Dietert Co., laboratory 
by the Committee and laboratory staff. The core 
sand mixtures selected for study are in Table 1. 


Procedure 

Test castings were made using the same practice as 
described in the 1952 Progress Report. Figure | 
shows the test casting with four cored holes. The 
holes are | in. square. Iron was poured at a tempera- 
ture of 2650 F. Table 2 shows laboratory test re- 
sults on the cores and also the appearance of the 
test castings. 


Discussion of Results 
Room Temperature Properties—The earlier report 
showed that veining tendencies increased sharply with 
green core hardness. No further relationship between 
room temperature properties and veining was dis- 
covered. 





— 


Fig. 1—Test Casting used in Veining Test Project. 


TABLE 1—COMPOSITION OF CORE MIXTURES 





Mix No. 7 9 10 


or 


13 16H 18.H 23.J 23.A 45.0 46.0 54.0 





Lake Sand, % 

Bank Sand, % 

100 Mesh Ottawa W&D, % 96.5 94.5 86.5 95.75 
No. 17 Ottawa W&D, % 

UofM Heap Sand, % 


Cereal Binder, % 2.0 2.0 2.0 2.0 
Iron Oxide, % 2.0 

Silica Flour, % 10.0 

Western Bentonite, % 0.75 
Pitch, % 

Oilless Binder, % 

Resin, % 

A.F.S. Ref. Linseed Oil, % 1.5 1.5 1.5 15 
Water, % 4.8 4.3 4.5 5.0 


66.0 65.3 63.3 64.0 64.6 65.0 64.6 
33.0 32.7 31.7 $2.0 $2.4 $2.5 $2.4 


49.0 
49.0 

1.0 0.5 0.5 1.0 

2.0 2.0 
2.0 
2.5 
2.0 
1.0 2.0 2.0 2.0 2.0 
6.0 2.0 2.0 3.0 3.0 5.0 3.5 25 





53-37 











Trane nr 9  Rawern atarm Liar Deaneoredries ae Teer Cranece 





15] 


\FS ComMITTEE 8-] 














UldA 
JUON ¥ anit ION 
ae13apoyy 1y3IIS ae1apow auON aUON dUON aUON a1e19pOW DIDAIG aIDAIS aUON DIDAIG uonIpuoD Sura, 
$208] F 1eus “% 
uo syoRiD saoeq ¢ sa0ey syoein s20RJ saoey ¢ SuraevaT seq Z S20e] fF sav F sa0vq fuo sapiIg Zuo 
JeIUOZIIOH[ UOSyIVID UOSyVID “JOH{ RUA UOSyRIy UOSyRID pasde[jop UOSyRIQ UOSYIVIQ UOSYILID SyIeID “Z110}{SYILID ‘20H 
2B [RONIIA [BOTI9A [Ronda aeIIPOW «“IOH{ BMI “IOHMY'MIA =—«-«sTHIUID- IOP] Y'UIA “JOH YUIA ‘ZUOW YA -Y[LOWIA = =—-—& [PINIIA, ‘ull Z 78 aouRIvaddy 
das ‘syov19 ISIy JO DouLIvaddy 
02 G& €% GI 0g LI 06 cg rl ra Ol 0% Suypedg 
‘Jaq 10H [2101 aimdny 
jo 
201X688 201 X88" eOLXLEF 201 X9E°0 201X636" sO TX89°S 201X820°0 201 XE6'E eOIXITL eOLXPL'E1 201 XE9S s0TX9L'L yisuans 10H sn[npow 
y3uans 10H uoNeUlIOjaq 
10H 
-OIXITT »-OTXES »-O1LXS'S »-OLXLLS »-OLXP'8E »-O1TXL8°§ -O1X6'831 »-O1LXS9°S »-OLXF'T »-OLXEL°0 »-OLX8"E »-O1X63'T uoNeUullojyod OH jo 978Y 
‘ 0001 X Jap 10Y X Ys IOP 
IL8 G Sh G00°T Ss SSI L6E $99 9I'L 666 699'T oSl i ssauy3no], 10H 
‘ur/‘ul ‘azaydsoune uUMO = uauIdads 
moT[oy ‘q°y ‘ul % ‘bs ‘ur [| yeos uru ¢g 
6600" 8400" 0S10" 610" 6020" 310° 620" $10" FI10" O110" 9400" 8600" 1.006% ® uonrunojaq Ff [e101 
isd ‘a1aydsoune uMo 
usudads MOTOR “d'I ui bs al 
88 6 L9 L 9 6& GBS €¢ 18 ISI 03 9L yeos UI g = o.00GS I" YISUaINs IOH 
‘dxq "xe 
—— = 10)9eq Buus, 
8oL Ol OF8S 68 00 oS 608 6906 91g I&h & GOS owt 
uru ‘udu 
-pads bs ‘ur [| a1aydsoune 8uiziprxo 
68'S 680 698 GL’8 eo 86°F 86'1 L¥0I Or'9 8a°L oe SHG peo isd ¢ ‘400003 ® aut, Sursdeyjop 
‘ur/‘ur dsa xew ‘uauads bs ‘ur | 
aiaydsounje 3urztprxo ‘peoy isd ¢ 
800° 600° £00 £010 610° 8900" 600° 1S00° F310 6910" 6110 8010 100002 ®) uotsuedxa payepowurosoeu (} 
soljieadolg JOH 
9F9I Oz9I O'L9I gG91 0'891 0291 6091 COLI SLI CELi CELt €LI wi3 ‘9109 U9aID) “UI-Z X “UZ JO IM 
$8 °'66 o'§8 06 z8 68 88 6r1 3S List 13 8°03 Ay [IqvauLiad paryxeg 
L8 Lt €¢ 8L 88 I8 OF él €8 66 16 66 wo}og ‘ssaupiepy A1RI0y 
88 ¢ Lt BL 98 LL +t 96 68 16 16 66 doy, ‘ssaupieyy Arej0y 
66 0S GG 08 06 68 6F 1g L8 €6 6 £6 woylog ‘ssaupiep{, YyoIe19g 
+6 66 8h 68 68 8Z GF &€ 8 £6 66 €6 do], ‘ssaupiexy yoqe19¢ 
'§8Z rag GGG 0091 POLS SSI 6'SF Gg 19% LEb O'L8E 0°S0F isd ‘yBuang aisuay, payed 
$0 o 101 $' FOI 0'S0I O'+F0I S101 6001 0'90I LOI ¢ LOI 0'80I 0801 wi ‘uauiadg apisua., JO 3M 
Ssoljiedolg peyeg 
Org O'9F O'ob V'Ss [¢% H'8I H'91 gI Ol 6 L ¢ ‘ON “XIN 





SAuO") LS dO SAILUAAOUAgG LO aNV daANvVg-—- 
. c 


G@ ATaV L 





el a aad — ane ee nee 








VEINING TENDENCIES OF Cores 


































































































152 
220 220 
COMMITTEE-8] 
6-11-52 | 
200 200 I"SGUARE HOLLOW SPECIMENS |—— 
a OWN ATMOSPHERE 
Ww) | j 
go & jo; | 
x | 
(ew) 
oo 
z | o 
140 ps 140 | 
’ j 
£ | | 
Oo 8 120 as 
3 | | 
oo 0 j 
x 
x ? 
80 9 40 
Ra 4 = = , 
a 
& 
co F 60 9 
—t— ” 
5 : | 
40 I 40 
° 
20 20 
D 

































































NONE SLIGHT 


MODERATE SEVERE 


DEGREE OF VEINING 


Fig. 2—Relation between Degree of Veining and Hot Strength at 2500 F in Own Atmosphere with 1 in. Square 
Hollow Specimen. 


Expansion—Core specimens 114-in. diam  2-in. 
height were exposed to a temperature of 2500 F and 
changes in length were measured. The maximum ex- 
pansion measurements are recorded in Table 2. There 
does not seem to be any correlation between the ex- 
pansion reading and the defect. 

When a mold is poured, the surface of the core is 
exposed to heat shock. When a specimen of core sand 
is tested, the heat shock is less. Also, in the expansion 
test, a solid mass of sand is measured. It is believed 
that if a thin layer of sand could be measured, its 
expansion and contraction due to heat shock would 
relate to the veining defect. 

A further obstacle to accurate expansion measure- 
ments is the oxidation of the core during the test. 
When a casting is poured, air is excluded and the core 
does not oxidize. 

Hollow Square Specimen—The cores used for high 
temperature tests were duplicates of the cores used 
in the test castings. They were 1 in. square, and 
were rammed by the standard A.F.S. sand rammer. In 
order to measure a surface layer or shell of sand, a 
hole 14 in. in diam was drilled through the cores 
before they were tested. 

Collapsing Time—The cores were exposed to a tem- 
perature of 2000 F, a load of 5 psi and an oxidizing 
atmosphere. The time interval before core collapse 
was noted. Collapsing time did not appear to be 
related to the veining defect under oxidizing atmos- 
pheres. 


Atmosphere—In order to prevent the core from 
burning up during the test, a ceramic hood was used 
for the hot strength and deformation tests. This made 
it possible to test the core in its “own atmosphere.” 

Hot Strength—It is apparent that the cores which 
did not produce veins were characterized by a low 
hot strength. This is shown graphically in Fig. 2. 
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Fig. 3—Relation between Degree of Veining and Rate of 
Hot Deformation at 2500 F in Own Atmosphere. 
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TABLE 3—-EFFECT OF VARIOUS SPECIMEN SHAPES AND CONDITIONS OF TEST ON CORRELATION WITH VEINING 





Subject: Veining Sands 
Investigation: To simplify the hot strength test that 


shows some correlation with veining 






































Data A’ l-in. Square, 14-in. I.D. Hollow Specimens 

Oxidizing (furnace) Atmosphere 

3-min soaking period @ 2500 F 
Mix No. 7 9 10 13 16-H 18-H 23-] 23-A 45-O 46-O 
Hot Strength @ 
2500 F, psi 38 17 none 12.5 none none 3.5 8 1 — 
Total Hot Deformation 
@ 2500 F, in./in. .0078 .010 .0376 0444 .0506 ae 
Degree of Veining Severe none Severe Severe Medium none none none none Medium Slight 

No correlation 

Data B 11%-in. Round Solid Specimens 

Oxidizing (furnace) Atmosphere 

2-min soaking period @ 2300 F 
Mix No. 7 bs) 10 13 16-H 18-H 23-A 45-0 
Hot Strength @ 
2300 F, psi 55 75 62 43 3.5 21 33 85 
otal Hot Deformation 
@ 2300 F, in./in. .016 0185 0116 O15 .0205 .0104 .0089 
Degree of Veining Severe none Severe Severe Medium none none none Medium’ 

No correlation 

Data C 114-in. Round Solid Specimens 

Own Atmosphere 

5-min soaking period @ 2500 F 
Mix No. 7 9 10 13 16-H 18-H 23-A 45-O 
Hot Strength @ 
2500 F, psi 23.5 82 140 48 3 31 19 108 
Total Hot Deformation 
@ 2500 F, in./in. .027 021 0172 0285 0295 056 0205 

Severe none Severe Severe Medium none none none Medium 


Degree of Veining 


Below 40 psi Hot Strength the sand is free from veining defects 








A l-in. square specimen with a 14-in. center hole 
bored out was soaked at 2500 F for 3 min and brok- 
en. All cores having over 40 psi hot compressive 
strength produced veins and those having over 65 psi 
produced severe veining. Thus, to date, hot strength 
appears to be the best measure of veining tendency. 
Subsequent tests indicated that shape and size of 
specimen, soaking time, temperature and atmosphere 
conditions must be closely observed. Table 3 and 
Fig. 4 show that good correlation between veining 
and hot strength may also be obtained with 114-in. 
 2-in. solid round specimens by using a 5-min soak 
at 2500 F in “own atmosphere.” 

Hot Deformation—Sands with low hot strength usu- 
ally are soft and plastic at 2500 F although not neces- 
sarily so. Total hot deformation did not show a re- 
lationship to veining. However, the rate of hot de- 
formation which is the amount of “give” per pound 
of applied load did show reasonably good correla- 
tion as shown in Fig. 3. 

Iron Oxide—Note in Table 2 that sand No. 5 pro: 
duced severe veining. Two per cent of iron oxide 
was added to this sand and called No. 6 mixture. No. 
6 sand did not produce veins. Silica melts at 3100 
F (approx.) but Fe,SiO, melts at about 2100 F. 

The beneficial effect of materials which lower fu- 
sion temperature of sand have been mentioned by 
R. E. Morey and J. R. Kattus in their paper “Pre- 





venting Veining and Penetration on Castings made 
in Synthetic Sands,” TRANsactions of the American 
Foundrymen’s Society, vol. 54, pp. 129-140 (1946) . 
Conclusions 
The findings of the Committee to date on the 
causes and degrees of veining tendency follow: 
A. Materials and Processes. 

1. Impure sands decrease veining. 

2. Iron oxide prevents veining. 

3. Additives other than iron oxide may influence 
veining. 

4. Excess binder promotes veining. 

5. Type of binder may influence veining. 

6. Hard ramming promotes veining. 

7. Over-baking promotes veining. 

8. High pouring temperature promotes veining. 

9. Excessive moisture may promote veining. 

B. Tests indicating Veining Tendency 

1. Green Hardness—Veining tendency increases 
sharply with increased green hardness. 

2. Hot Strength—-Under described conditions of 
test, veining appears as hot strength rises above 
40 psi. 

3. Hot Deformation Rate—Whenever the outer 
surface of a core becomes tacky or semiplastic 
as exhibited by a high or moderately high 
rate of hot deformation, veining tendencies 
decrease. 








VEINING TENDENCIES OF COREs 
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Fig. 4—Relation between Degree of Veining 


There are sound scientific reasons to support the 
theory that veining is caused by expansion or con- 
traction in the surface layers of the core and lack of 
hot plasticity on the surface. 

To date, a best specimen shape and testing tech- 
nique have not been discovered. 

There is need for further research on the tech- 
niques of measuring thermal expansion and contrac- 
tion of the core sand mixtures. 
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and Hot Strength using 1% in. x 2 in. round Specimens. 


DISCUSSION 


E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 
H. W. Meyer, General Steel Castings Corp., 


Chairman: 

Co-Chairman: 
Granite City, Il. 

Recorder: C. C. Sicerross, Michigan State College, East Lan- 
sing, Mich. 

D. C. WituiaMs (Written Discussion): The casting surface 
defect known as veining has long been a problem to foundry- 
men. Because this defect is located on the surface and before 
shakeout has extended into the molded mass it has been 
assumed that failure of the sand mixture occurred permitting 
the metal to run into the sand mixture. Veining has been 
somewhat of a riddle to foundrymen even though much time 
and effort has been spent on studying this defect from the 
point of view that everyone knows it is the sand mixture that 
has failed. Perhaps a word of caution as stated by Behar* “to 
answer her nature’s riddles we must sometimes fly against the 
trickiest ‘sense,’ the tenth one, known as common sense or 
‘everybody knows’” is appropriate to this and many other 
foundry problems in spite of a background of 6000 years of 
casting manufacture. 

It is not unusual therefore, that a committee of the Sand 
Division should elect to study the veining surface defect. It 
is hoped that this discussion can shed some light on the 
mechanism of vein formation. 

The Committee report refers to the study on penetration 
and veining by Morey and Kattus, but apparently gave little 
consideration to the relation of “sweating” to veining and 
preferred to treat the problem from the sand point of view. 
The work of Morey and Kattus plus the recent studies on 
solidification by Pellini and co-workers at the Naval Research 
Laboratories should provide those interested in veining, scab- 


1 Associate Professor and Head of Foundry-Option, Department of Indus- 
trial Sarees, Ohio State University, Columbus, Ohio. 
M. F. Behar, Instruments, September, 1940. 
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bing, penetration and machinability with a fruitful basis for 
improvement in casting manufacture. 

All the literature with the exception of the “sweating” de- 
scribed by Morey and Kattus implies that veining and scabbing 
take place as the mold cavity is being filled. This implication 
must be true if veining is due to expansion or contraction 
properties of the sand mixture. The conclusion of the com- 
mittee’s report contains the following paragraph. “There are 
sound scientific reasons to support the theory that veining is 
caused by expansion or contraction in the surface layers of 
the core and lack of hot plasticity on the surface.” The report, 
however, does not describe these sound reasons and this writer 
would like to see them included in next year’s report. 

The important question still to be answered, in spite of the 
idea that most “everybody knows,” is when did the vein or 
scab occur. A sound scientific approach will provide the an- 
swer and it is suggested that this time of vein formation be- 
come an early subject for committee study. E. C. Hoenicke** 
in discussing permanent mold gray iron casting before the 
Central Ohio Chapter in 1950 had slides which demonstrated 
the same kind of “sweating” that Morey and Kattus observed. 

Figure 1 in the paper shows one of the test castings having 
veins in two of the four cavities. Since the test casting is a 
t-in. cube section, final solidification around the corners of the 
test cores did not take place until] about 30 min after pouring. 
It is thought that the occurrence of the veins happened just 
prior to that final solidification. The metal that penetrated 
the sand mixture should have a different composition than 
that of the casting as such material remained liquid and was 
extruded from the casting by the pressure of solidifying 
dendrites. 

Since 1946 this writer has been interested in the mechanism 
of veining from the viewpoint that the extrusion or “sweat- 
ing” was the important factor in the problem. Whenever the 
writer has been able, he had chemical analyses of the casting 
and vein made. Caution must be exercised in evaluating espe- 
cially the reported vein analyses. The following are given 
only for the purpose of indicating that a vein and casting do 
differ. 


‘ 


(1) Casting Body Vein 
% Cc 3.40 1.00 
% Si 2.57 4.04 
%S§ 0.21 0.044 
% P 0.09 0.233 
% Mn 0.56 0.50 
(2 Sample No. 1 Sample No.2 Sample No. 3 











Casting Vein Casting Vein Casting Vein 


% Mn 0.778 0.492 0.62 0.504 0.792 0.446 

%$ 0.046 0.057 0.08 0.092 0.079 0.097 

% ? 0.218 0.138 ? 0.142 0.143 0.137 
Casting Body Scab 

©? 0.120 0.032 

% Mn 0.45 0.43 


If veins and scabs were produced during the pouring of the 
mold differences in composition should not occur. Much accur- 
acy in sampling and analytical procedures will be necessary 
before too much reliance can be placed on analyses of scabs 
and veins. 

Reference to Section 2 of Research Report No. 18 of the 
fechnical Research Committee of the Steel Founder's Society 


** Eaton Manufacturing Co., Vassar, Mich. 





gives information to show that solidification is retarded around 
cored cavities, such as illustrated in Fig. 1 of the 8-J Commit- 
tee report. Recent studies (see “Solidification at Corner and 
Core Positions” by F. A. Brandt, H. F. Bishop and W. S. Pellini 
in this volume) indicate corners are hot spots. Using these 
studies for a basis of explanation it necessarily follows that 
if the low melting point components are to be extruded it 
will happen at the hot spots where the last solidification occurs. 

Why did veining occur when core sand mixtures 5, 9 and 
10 were tested? The quartz sand and silica flour used were of 
high purity. Quartz is known to fuse at 2700 F (see 8-J Com- 
mittee report conclusion where 3100 F approximately is given, 
and this is true if you are using the cristobolite form of silica 
which is not present in foundry sands). The pouring tempera- 
ture of the gray iron is stated to be 2650 F which is too low 
to bring about fusion within the cores molded from the above 
numbered mixtures. It is conceivable that had the pouring 
temperature been 2850 F or above the castings would have 
shown no veins where they occurred as indicated. 

The problem is to produce a sufficient quantity of viscous 
glass which will resist the tendency of the extruded material 
from the casting to penetrate the molded sand mixture. In 
mixture No. 7, 2 per cent iron oxide was added and no veins 
were formed. This is reasonable for a length of time, 30 min, 
was available for the iron oxide to flux with the quartz at a 
sufficiently high temperature level to produce at least enough 
viscous glass which prevented the extruded material from 
penetrating the sand mixture. Also, it is conceivable that the 
same mixture would fail to prevent the extruded material from 
penetrating the sand mixture if the section size of the casting 
was halved, thereby reducing the time at elevated temperature 
levels and markedly lessening the quantity of viscous glass 
produced. It does seem a little presumptious for the conclusion 
of the report, to state that additions of iron oxide will pre- 
vent veining without qualification. 

The report indicates that cores made from sand mixtures 
16H, 18H, 23J and 23A did not permit the extruded material 
to enter the cores and form the vein defect. This would be 
expected because in the lake and bank sands there is sufficient 
material present to flux with the quartz to produce the re- 
quired amount of viscous glass. Here also, the problem of time 
at elevated temperature levels is necessary. It is doubtful that 
for thinner casting sections the lake and bank sands are at 
high temperature levels long enough to permit glass forma- 
tion of sufficient quantity. 

This brings up the question about the kind of sand to be 
used. Is a high purity quartz sand desirable when used as in 
mixtures 5, 9 and 10? The affirmative is satisfactory if the 
pouring temperature is above 2750 F and the section thickness 
great enough. These same mixtures can be used by altering as 
was done in mixture No. 7. If veining occurs on thin sections 
it will become necessary to add an ingredient which produce 
the required quantity of viscous glass. 

In conclusion it seems that the following recommendations 
are appropriate for the Committee 8-J. Further studies on 
veining should be made and along the following lines as well 
as others. 

(a) Determine when veining takes place for various metal 

section sizes, 

(b) Determine how much viscous glass is necessary to resist 

the pressure of the extruded material, 

(c) Determine what materials should be added to mixtures 

in order to produce the viscous glass commensurate with 
section thicknesses. 











REPORT OF A.F.S. FLOW ABILITY COMMITTEE 


By 


Flowability Committee* 


THE AIM AND worK of the A.F.S. Flowability 
Committee during the past two years (1950-52) has 
been purposely restricted to developing a test simulat- 
ing as closely as possible the conditions that prevail in 
the mold, or core surface when pressure is applied 
during ramming, squeezing, jolting, or blowing. 

The foundryman has always been plagued with the 
inability of his molding materials to flow perfectly 
when force is applied to shape the mold, or core. One 
result of the molding material’s inability to flow per- 
fectly is the formation of void spaces in the mold sur- 
face that are not compatible with the particle size of 
the molding material. These voids can be quite large, 
as much as 14 in. in average diameter. These voids 
will be referred to as supervoids. For want of a better 
term, the ability of the molding material to form a 
uniformly compacted mold, or core surface will be 
called flowability. 

The committee is fully aware that there are many 
manifestations of improper flowability. Swells and 
strains are two that are attributed to poor flowability. 
Conversely, poor flowability in conjunction with high 
green strength and green hardness, may cause large 
supervoids in a mold surface strong enough to with- 
stand quite high hydrostatic pressure without deforma- 
tion. That penetration can result is self-evident. This 
phenomenon is accentuated if the mold or core is 
baked. Too high flowability is possibly one factor in 
expansion scabbing. However, expediency has made 
it necessary to restrict work to the most basic phase, 
the evaluation and measurement of supervoids. These 
supervoids have, and are still causing chronic trouble 
in all cast metals due to metal penetration, resulting 
in rough surfaces and adhering sand. It is quite pos- 


* J. B. Caine, Chairman, Technical Consultant to the Foundry 
Industry, Cincinnati; W. G. Parker, Vice-Chairman, G.E., Elmira 
Foundry Co., Elmira, N. Y.; H. W. Dietert, H. W. Dietert Co., 
Detroit; F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich.; A. E. Murton, Department of Mines and Technical Sur- 
veys, Ottawa, Ont., Canada; W. B. Pierce, University of Michi- 
gan, Ann Arbor, Mich.; D. F. Sawtelle, Malleable Iron Fittings 
Co., Branford, Conn.; R. P. Schauss, Werner G. Smith, Inc., 
Chicago; H. F. Taylor, Massachusetts Institute of Technology, 
Cambridge, Mass.; and C. E. Wenninger, National Engineering 
Co., Chicago. 
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sible that these supervoids are the chief cause of pene- 
tration that is usually attributed to a failure of the 
sand itself. f 

At least four different tests!:?.3-4 have been advanced 
to measure flowability. None have been universally 
accepted. There has always been a group, whose indi- 
viduals have been opposed to any one of the tests. If 
the Committee can be taken as the cross-section of the 
industry, this opinion can be expressed as follows: 


Although there are proponents of all tests, the 
majority think that none of the tests are capable 
of measuring flowability. This objection was 
found invalid. The only valid objection to some 
of the older tests was that too small a difference 
in the values was equivalent to a relatively great 
change in the size of the supervoids. 


A possible reason for this objection was found dur- 
ing a working meeting of the Committee. There are 
indications that the supervoids are a surface phe- 
nomena, that supervoids are accentuated at the surface 
and decrease greatly in size in the central portions of 
the sand mass. If these observations are correct, they 
explain why it has been difficult to differentiate gross 
variations in supervoids with previous tests. If super- 
voids are primarily a surface phenomena, they can 
vary greatly in size with a relatively small variation in 
the properties of the specimen as a whole. 

It therefore seems imperative (at least at first) to 
measure the surface, not the specimen as a whole. 
Therefore, the Committee was agreed that a series of 
comparative standards, such as metal surface finish 
standards are necessary for a start. The Committee is 
fully aware of the difficulties and errors inherent in 
any visual test. Nevertheless, visual standards must 
be used for the primary evaluation. Control tests, 
either those tests now used, or new tests, can be cali- 
brated to these primary standards. This method will 
give significance to the values obtained from control 
tests. 

A series of visual flowability standards is shown in 
Figs. 1 and 2. The numbering system recommended is 
from No. 10 (highest flowability) to Number 1 (low- 
est flowability). Production sands will fall in some- 
what the order shown in Table I. 
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TABLE | 


Fig. 1—Specimens from unriddled sand. 





Flow- 
ability Occurrence of 
No. Supervoids 

10 None 

9 Trace of Supervoids 
in corner away from 
rammerhead 

8 Small Supervoids in 
bottom 4 in. of O.D. 
of specimen. 

7 Small Supervoids in 
bottom third of O.D. 
of specimen. 

6 Supervoids occurring 
in about % of O.D. 
of specimen. 

5 Larger Supervoids 
than in groups 6, or 
7, occurring in at 
least 14 of O.D. of 
specimen. 

4 ltiies 

3 Large Supervoids in 
about all of O.D. of 
specimen except im- 
mediately below sur- 
face in contact with 
rammerhead. 

2 Still larger Super- 
voids 

] Limit 


Typical Sand Mixes 





Unbonded, washed and dried 
sand. 
Oil-cereal core sand, less than 
2.0 psi green strength. 3.0% 
water. 


Core sand, or weak steel 


molding sand.  (bentonite- 
cereal) 3.0-4.0 psi green 
strength, 3.0% water. 


Bentonite-cereal steel facing 
sand. 5-6 psi green strength. 
3.0-3.5% water. 

Bentonite-cereal steel facing 
sand. 8-9 psi green strength. 


Will occur in a sand mix like 
that shown in group 6 as 
water content is increased. 


Strong dry-sand mixes will 
start in this group. 
Bentonite - fireclay - cereal dry 
sand facing sands with about 
10 psi green strength. 


Ladle linings, etc. 





Table 1 is to be used only as a guide. Slight varia- 
tions in the clay-water ratio of most sands will cause 
a change of as much as three flowability numbers. 


As exact supervoid size will vary depending on the 


Fig. 2—-Specimens from riddled sand. (These sands 





were riddled into a pan before filling specimen tube.) 








type of base sand, a set of primary visual standards 
will be needed for each type of sand, mulling and 
handling practice. This means that each foundry 
must develop its own standards. It is hoped that a 
series of basic standards for various types of sands can 
be collected, but as this test is a shop test, specifically 
designed to measure shop conditions it seems possible 
that there must be individual shop standards. 

An example is the great difference in supervoids 
and flowability due to riddling the sand into the speci- 
men tube. The riddled and unriddled sands in Figs. 
1 and 2 differ so greatly as to be not comparable. Any 
sand’s flowability will vary so greatly with each found- 
ry’s sand mulling and handling system as to make uni- 
versal standards questionable. 

Table 2 summarizes the physical properties of the 
sands illustrated in Figs. 1 and 2, as well as others 
investigated by the committee. 

Two correlations between new basic flowability 
numbers and those obtained from the Dietert-Valtier 
test are given in Table 2. A difference in basic flow- 
ability numbers from 8 to 3 correspond to a difference 
in Dietert-Valtiers numbers of 4 and 10 points respec- 
tively. The latter contro] test must not only be con- 
ducted precisely, so that a difference of one point is 
significant, but must be correlated to the basic flow- 
ability for each sand. 


Recommended Procedure for Basic Flowability 


The following test procedure is advanced as a pre- 
liminary test. The test has not been proven enough 
as yet to be even called tentative. 

(1). Sampling. As this is a shop test, designed to 
measure flowability of the sand entering the mold, 
sampling is all important. If the sand is riddled onto 
the pattern, riddle the sand through the same size 
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TABLE 2 

Sand Fig.1 Fig.1 Fig.1 Fig.1 Fig.1 Fig. 1 Di D2 D2a D3 AAl AA2 AA2a_ AA3 
Flowability No. 9 8 7 6 5 2 8 6 5 3 8 6 5 3 
% Water $2 3.3 3.6 3.6 5.3 4.5 2.2 2.7 3.4 3.0 2.1 2.7 3.5 3.1 
“ Western Bentonite — 2.0 6.0 4.0 6.0 6.0 3.0 4.0 4.0 5.0 3.0 4.0 4.0 5.0 
% Cereal 1.0 1.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
% Core Oil 1.0 — — — aoe aps cal tea in aoe se = ua i 

_ 4.0 — — = _ ees = = = 


° 


% Fireclay — — 
Green Compressive 

Strength, psi 0.54 3.5 8.3 
No. of grams, 

2-in. specimen —_ uns ainis 
Dietert & Valtier — one a vom 
Flowability 


~I 
or 
ba I 
i 
— 
o 
oo 


152 152 154 151 160 162 164 160 
75 74 74 72 75 72 69 66 





screen into the standard 2-in. diam A.F.S. specimen 
tube. If the sand is shoveled into the mold, fill the 
specimen tube in the same manner. If the mold is 
filled from overhead hoppers, place the specimen tube 
and bottom plate under the hopper and fill in the 
same manner as the mold is filled. It is suggested 
that preliminary work to develop individual standards 
be done with both unriddled and riddled sand. 

(2). Weight of Sample. Carefully remove surplus 

sand from the specimen tube to give a weight that will 
result in a 2-in. high sample, plus, or minus 4g in. 
after compression. Place filled specimen tube and 
bottom plate on balance and tare out the tube and 
plate. 
(3.) Piace specimen tube, bottom plate and sand 
under standard rammer and carefully lower the 14-lb 
weight until the full weight rests on the sand. Allow 
weight to rest on sand for at least 1 min. Do not allow 
weight to fall on sand. Do not ram. 

(4). Remove specimen tube from rammer, strip 
specimen from tube without impact. Compare super- 
voids on outside diameter of specimen with standard 
specimens. Classify from 10 for no supervoids to | for 
maximum size of supervoids. Figures I and 2 can be 
used as a guide. The specimens should be judged 
not only by the size of the supervoids, but also by the 
height of the area containing these supervoids from 
the end away from the rammer head. 

(5). If the height of the specimen is not within 
14, in. of the standard 2-in. height, alter weight of 
sample to give the 2-in. height and repeat. The weight 
required is usually 25 to 30 grams less than the stand- 
ard 3-rammed specimen. 


Notes 


The compression technique was selected rather than 
ramming because the supervoids are accentuated at 
this low level of compaction. Then too, the green 
hardness of the compressed specimens is comparable 
to that found in soft rammed areas of many molds. 
Sands will be classified in the same order of flowability 
at any ramming level, but the differences at higher 
levels is less pronounced. ; 

Both the standard 2 in. diam and the 11,-in. diam 
specimens, single and double end-rammed were tried. 
As the 2-in. diam specimen was as good as any, it was 
selected because of its wide use. 

The rammer must be well lubricated and must slide 


freely. Friction and binding are more important than 
when the specimen is rammed. The specimen tube 
must be clean and not rusted and above all must have 


straight sides. 
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DISCUSSION 


Chairman: J. B. Caine, Foundry Consultant, Cincinnati. 

Co-chairman: W. S. Pettini, Naval Research Laboratory, 
Washington, D. C. 

Recorder: P. E. Kyte, Cornell University, Ithaca, N. Y. 

MemBerR: What riddle size would be used? 

CHAIRMAN CAINE: The size normally used in your foundry. 

Co-CHAIRMAN PELLINI: When the load floats is the time ele- 
ment important? 

CHAIRMAN CAINE: Visible compression occurs up to | min 
and not much change is noted for times over | min. 

D. C. WitttAMs:* Has the work of the soil mechanics people 
been looked at where they establish the laws of movement of 
granular materials? 

CHAIRMAN CAINE: No, not yet. 

Co-CHAIRMAN PELLINI: Is this test sensitive to rate of loading? 

Mr. WILLIAMS: Yes, it is. 

G. J. Grorr:* In some work on 12-in. diam cylinders it has 
been found that the faster the loading, the greater is the differ- 
ence in hardness from top to bottom. 

Memeser: Can this test be correlated with molding with a 
slinger? 

CHAIRMAN CAINE: This should be possible by filling the speci- 
men tube with a slinger. 

MEMBER: Has any study of binders been made? 

CHAIRMAN CAINE: Not much has been done by the Com- 
mittee. It will be necessary for each foundry to study the actual 
mixtures in use. It is not possible to generalize at this point. A 
series of tests should be run on each sand to establish your 
own standards. 


1 Ohio State University, Columbus, Ohio. 
2 Unitcast Corp., Toledo, Ohio. 














DEFORMATION OF GREEN MOLDING SAND 


W. G. Parker* 


Molding sands possess an important physical prop- 
erty known as deformation. Present studies recognize 
two deformations—green deformation and hot defor- 
mation. This paper will attempt to cover only the 
work to-date on green deformation. Because today’s 
sand studies deal with properties that are measurable, 
we can escape much of the guess-work heretofore 
experienced. The writer in his attempt to start at 
the beginning in this investigation may have over- 
looked work of importance that should be included. 
Any reference to data omitted will be most welcome. 

The first printed works by Ries! and Moldenke? 
at the turn of the 20th century do not mention the 
word deformation but do refer to plastic qualities or 
the significance of such in molding sands. The first 
and most appraising paper given on green sand de- 
formation was at the 1936 A.F.A. Convention by H. 
W. Dietert* and R. A. Dietert.5 In the same and 
following years subsequent papers given at the A.F.A. 
Conventions by Dietert,® Valtier,7 Dietert,? and 
Woodliff® made mention of green sand deformation. 

The various aspects of sand additives with relation 
to the measurement of deformation by Dietert!® and 
Woodliff contains much valuable information. The 
following year brought out two fine papers dealing 
with the green sand deformation test by Buchanan!” 
and Chadwick.!% As part of the 1945 “Year-Round” 
Foundry Congress, a paper by Parker!* was sponsored 
by the one-year old committee on Deformation, 
Foundry Sand Research Project, Technical Develop- 
ment Program of A.F.A. 


Deformaiion Committee Formed 


Because of the writer’s interest in deformation and 
his many discussions on the subject with the late Dr. 
H. Ries,! then Chairman of the A.F.S. Sand Division, 


*Sand Technician, G.E., Elmira Foundry Co., Elmira, N. Y.,: 
also Chairman, A.F.S. Deformation Sub-Committee. Other mem- 
bers of this Sub-Committee are: P. E. Kyle, Vice-Chairman, Cor- 
nell University, Ithaca, N. Y.; G. W. Anselman, Vice-President 
and Gen. Supt., Beloit Foundry Co., South Beloit, Ill.; Robert 
Doelman, Miller & Co., Chicago; J. O. Ochsner, Foundry Chem- 
ist, Crouse-Hinds Co., Syracuse, N. Y.; and §S. S. Phillips, Manu- 
facturing Research Div., International Harvester Co., Chicago. 
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he was asked to become Chairman and to form 
the Green Sand Deformation Committee. In the be- 
ginning the Committee gained only littke momentum 
in establishing the application of the deformation 
test in sand control. This was partially caused by 
the erratic results of the first models of the defor- 
mation accessory. 

The writer found that consistent or checking results 
were not always obtained by the deformation acces- 
sory, then supplied by the manufacturer. This may 
be in part the reason for the lack of interest on the 
part of practical foundrymen in the early work on 
Deformation as part of sand control. The discrep- 
ancies in the mechanism were a “following along” of 
the arm of the Deformation accessory as the load was 
applied. 

To correct this parallel travel, the writer designed 
a bracket and bearing arm freeing the Deformation 
attachment from the movable arm originally designed 
for attachment of the accessory. At the same time a 
magnetic tension stop was designed for the dial end 
of the accessory. The present model, (Fig. 1) as 
supplied by the manufacturer, has these refinements. 
Figure | illustrates a hand-driven model. A motor- 
driven model is also available and is preferred by 
the writer. The uniform rate of load on the latter 
removes the possibility of human error. 

An indication of the test results now possible are 
shown in part by the data in Table 1. 


The Deformation Test 


Total Deformation, as expressed by the author, is 
in thousandths of an inch per 2 in. Formerly it was 
expressed in inches per inch of specimen length. 
However, for simplification the more popular version 
or the figure more often referred to is the total De- 
formation of the 2-in. length specimen. 

Total Deformation is measured by calculating the 
decrease in the sand specimen length while measuring 
the green compressive strength on a separate unit 
known as the Deformation accessory. The unit in 
use becomes an integral part of the Universal Sand 
Strength Machine. 

To make a green sand deformation test, the stand- 
ard 2-in. sand specimen is used. The green com- 
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TABLE 1 
Green Defor- Green Defor- 

Spec- Weight, Moisture, Perm- Strength, mation, Avg. Spec- Weight, Moisture, Perm- Strength, mation, Avg 
imen Grams % eability Ib. (00lin) STN STN imen Grams %  eability Ib. (.00lin.) STN STN 
Sand A—4% Bond Sand A—7% Bond 

] 150 1.0 200 5.7 9 51.3 13 155% 15 160 9.5 914 87.8 
5.7 914 54.2 52.7 9.9 914 91.5 
Too Dry—Difficult to handle 8.9 91% 84.5 
2 1464 15 320 5.2 12 62.4 9.1 934, 88.7 
5.2 lly 58.5 9.2 1014 94.3 89.3 
52 114 58.5 14 150 2.0 230 13.5 1214 165.3 
5.2 111% 59.8 12.5 124% 156.2 
5.1 1214 63.7 60.5 12.7 13 165.1 
3 146 2.0 340 4.5 16 72 13.2 12 158.4 
4.4 1614 72.6 13.1 12 157.2 160.4 
4.4 1614 71.5 Note 
4.8 143, 70.8 15 147 25 270 9.9 1734 175.7 
4.5 151% 69.7 71.3 10.3 17 175.1 
4 147 2.4 330 4.0 1814 73 9.8 1714 171.5 
4.3 1614 70.9 10.3 1614 167.3 
4.4 1614 72.6 10 1614 162.5 170.4 
4.2 1714 72.4 16 149 3.0 270 8.6 17 146.2 
4.1 17 69.7 71.7 8.6 1714 148.3 
Sand A—5% Bond 8.6 1814 159.1 
5 148 15 320 7.4 10 74 8.4 18 151.2 
16 10 76 8.5 1714 148.7 150.7 
7.4 10 74 17 150 3.3 250 7.6 183, 142.5 
7.4 1014 77.7 7.4 1914 144.3 
7.3 103, 78.4 76 7.4 18144 136.9 
6 14614 2.0 350 6.0 14 84 7.6 1814 138.7 
6.0 14 84 7.5 1814 138.7 140.2 
5.9 1414 85.5 Sand B—4% Bond 
5.9 1314 79.6 18 150 iB 130 6.4 914 60.8 
5.9 14 82.6 83.1 6.3 9 56.7 
7 148 2.5 350 4.9 1614 80.8 6.4 9 57.6 
4.9 16 78.4 6.2 10 62 
4.9 1514 75.9 6.2 10 62 59.8 
4.7 1514 72.8 19 149 1.4 140 6.8 814 57.8 
4.7 16 75.2 76.6 6.4 914 60.8 
8 149 2.8 320 4.8 1614 79 6.7 91% 63.65 
4.9 16 78.5 6.3 91, 58.2 
4.9 17 83 6.3 914 59.8 60 
5 1614 82.5 20 148 2.0 150 4.6 1314 60.9 
5 1614 82.5 81 4.6 1314 62.1 
Sand A—6% Bond 4.6 13 59.8 
9 152 15 230 8.8 9 79.2 4.5 1334 61.8 
8.0 10 80 4.4 1334 60.5 61 
8.0 1014 84 21 14914 2.4 150 4.3 1514 66.6 
8.5 10 85 4.4 1434 64.9 
8.5 10 85 82.6 4.3 141% 62.3 
10 147 2.0 340 9.8 11, 1102 4.3 154% 66.6 
9.6 12 115.2 4.4 1414 63.8 64.8 
9.8 1214 122.5 22 150144 3.0 140 3.9 17 66.3 
9.8 1244 1225 3.9 17 66.3 
9.4 124%, 175 1175 3.9 15 58.5 
11 146144 2.5 340 8.2 14144 118.9 3.9 1414 56.5 
8.2 14 114.8 3.9 1614 63.3 62.1 
8.3 1314 112 Sand B—5% Bond 
8.1 1314 109.3 23 156 1.0 50 4.6 9 41.4 
8.2 13 106.6 112.3 Very dry and difficult to handle— 4.6 9 41.4 
12 148 2.8 340 12 15 109.5 much unused bond visible. 4.6 83/, 40.2 41 
a 6 1095 24 «86150 «140180 7.9 1% 82.9 
7.3 16 116.8 78 11 85.8 
72 16 115.2 —wTeasrae «w (8 78 82.2 
7.3 1514 111.3 112.4 25 1474 19 150 7.8 11 85.8 
Key to Test Figures Shown in Table 1 7.7 11% 88.5 
ey at ie . : - at 11 84.7 
Sand A—A.F.S. Grain Fineness Number 45 78 11 85.8 
Western Bentonite 4% 5% 6% 71% 8.0 il 88 86.5 
Group 1-4 5-8 9-12 13-17 " a rae ae ie 
26 150 2.5 140 5.5 151% 85.2 
Sand B—A.F.S. Grain Fineness Number 60 54 16 86.4 
Western Bentonite 4% 5% 6% 71% 5.2 1614 85.8 
Group 18-22 23-27 28-32 33-37 5.3 16 84.8 
Sand C—A.F.S. Grain Fineness Number 100 5.3 16 84.8 85.4 
Western Bentonite 3% 4% 5% 6% 27 148 2.9 140 5.3 1714 92.7 
Group 38-41 42-46 47-50 51-55 4.9 183%, 91.8 
Sand D—A.F.S. Grain Fineness Number 145 5.4 164% 89.1 
Western Bentonite 3% 4% 5%, 6% 4.8 1934 94.8 me 
Group 56-59 60-63 67 68-71 Much too heavy 5.0 1914 97.5 92.3 
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Green Defor- Green Defor- 
Spec- Weight, Moisture, Perm- Strength, mation, Avg. Spec- Weight, Moisture, Perm- Strength, mation, Avg. 
imen Grams %  eability Ib. (.00lin.) STN STN imen Grams %  eability Ib. (.00lin.) STN STN 
Sand B—6% Bond Sand C—4% Bond 
28 153 15 120 8.3 10 83 42 165 1.1 20 
8.5 914 78.6 Too dry to handle—Much unused bond visible 
8.5 91% 78.6 43 160 1.3 43 9.2 12 110.4 
8.5 9% 80.7 8.5 113% 99.8 
8.2 914 77.9 79.7 8.4 11% 96.6 
Dry and difficult to handle—some unused bond visible 8.9 1214 109.0 
29 149 2.0 140 11.4 121% 142.5 8.4 1134 98.7 102.9 
10.9 12 130.8 44 155 2.0 57 9.7 14 135.8 
11.3 1214 138.4 9.6 1414 139.2 
11.6 103, 124.7 083: 194.1 9.2 15 138.0 
30 148 2.4 140 9.7 13 126.1 9.8 141% 142.1 
8.9 151% 137.9 9.8 1414 139.6 138.9 
9.8 131% 132.3 45 154%, 2.5 63 7.9 163/, 132.3 
9.3 15 139.5 8.5 1414 123.2 
9.5 14 133 133.7 7.9 16 126.4 
31 149 2.9 150 7.6 1814 138.7 8.1 161% 133.6 
7.6 161% 125.4 8.1 16 129.6 129.0 
8.0 1634 134 46 155 2.8 61 7.4 1714 129.5 
ye 17 130.9 7.4 163/, 123.9 
75 171% 1312 132 7.5 1614 123.7 
Air in laboratory very dry—erratic readings due to samples drying 7.0 1714 122.5 
32 150 3.3 140 6.1 211% 131.1 7.1 17 120.7 124.0 
63 20 126 Sand C—5% Bond 
6.4 19% 1248 47 161 15 40 105 123, 133.8 
59 22 129.8 10.9 12 130.8 132.3 
5.9 22 129.8 128.3 Very dry difficult to handle—Unused bond visible 
Sand B—7% Bond 48 154 2.0 56 = s«d12 1644 198 
33 156 15 110 9.8 lly 112.7 12 1514 183 
9.8 1134 115.1 11.8 1614 194.7 
9.3 1] 102.3 12 1514 183 
9.3 1134 109.2 12.2 15.5 189.1 189.5 
10.5 10 105 108.8 49 153 2.4 54 9.8 173, 173.9 
34 150144 2.0 140 14 10 140 ll 141% 159.5 
13.4 1014 140.7 11.3 151% 175.1 
13.3 1014 139.6 10.5 16 168 
14.3 10 143 11.0 15 165 168.3 
13.5 101% 141.7 141 50 154 2.9 56 9.3 1614 153.4 
35 148 2.5 130 12 12 144 8.9 171% 155.7 
11.8 1334 162.2 9.3 151% 144.1 
12.3 13 159.9 9.0 1614 146.2 
11.4 14 159.6 9.4 1514 145.7 149.0 
11.1 15 166.5 158.4 Sand C—6% Bond 
36 148 3.0 150 11.1 1534 174.8 51 163 15 35 
10.8 1634 180.9 Too dry—could not get sample to hold together 
11.2 15 168 52 157 1.9 5415.4 13 200.2 
10.8 16 172.8 14.8 14 207.2 
10.9 16 174.4 174.1 15.5 14 217 
37 151 3.5 120 9.0 2014 184.5 15.1 1314 203.8 
9.3 204%, 190.6 14.6 14 204.4 206.5 
89 = 21% «191.8 58 1522.4 59154 14 215.6 
9.2 194 = 177.1 15.5 13 201.5 
9.3 20 186 185.9 15.4 14 215.6 
Sand C—3% Bond 15.5 13 201.5 
38 16] 1.0 36 5.6 9 51.8 15.5 1344 209.2 208.6 
5.6 914 51.8 , Deformation readings doubtful—due to kick of pointer 
6.8 8 54.4 at fracture 
5.4 934, 52.6 54 153 2.9 57 12.3 1614 202.9 
5.5 9 49.5 52 12.9 1614 212.8 
39 155 L.4 55 7.4 lly 83.2 12.1 18.5 223.8 
7.9 103, 84.9 12.2 1614 198.2 
8.6 1014 90.3 12.9 153, 203.1 208.1 
8.5 1014 89.2 55 155 3.4 57 9.6 20, 1968 
8.6 1014 90.3 87.5 - 9.9 201, 200.4 
0 153 1.9 60 7.2 14 100.8 10.1 20, 204.5 
7.4 1314 99.9 9.9 21, 210.3 
7.5 13 975 10 20 200 202.4 
7.3 1214 91.2 
6.8 1414 98.6 97.6 
4} 154144 2.4 65 6.1 16 97.6 
6.5 1414 94.2 
5.7 1714 99.7 
5.7 1614 94 
5.7 17 96.9 96.4 
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Green Defor- 
Spec- Weight, Moisture, Perm- Strength, mation, Avg. 
imen Grams % eability Ib. (.00lin.) STN STN 
Sand D—3% Bond 
56 156 1.1 25 5.4 8 43.2 
5.3 814 45.0 44.1 
Very dry—could get only two samples to test. Unused bond visible. 
57 151% 1.6 37 75 12 90 
75 12 90 
8.1 10 81 
7.9 10 79 
7.6 11 83.6 84.7 
58 147 yD 49 6.8 12 81.6 
6.4 133, 88.0 
6.7 123, 85.4 
6.5 1334 89.3 
6.6 13 85.8 86.0 
59 147 2.4 52 6.1 15 91.5 
5.9 143, 87.0 
6.0 15 90.9 
6.2 14 86.8 
6.1 1414 88.4 88.7 
Sand D—4% Bond 
60 15614 1.2 22 6.8 9 61.2 
Readings doubtful as sample had crack—much too dry to handle. 
61 5214 1.6 3.9 11.6 1214 145 
a 1134 143.3 
12.1 12 145.2 
11.9 12 142.8 
12 12 144 144.0 
62 151 2.0 44 10.6 13 137.8 
11.3 121% 141.2 
11.3 1234 144.0 
11.1 1214 138.7 
10.9 1234 138.9 140.1 
63 150 2.5 47 8.4 151% 130.2 
8.3 151% 128.6 
8.7 1434, 128.3 
8.4 15 126 
8.4 1514 128.1 128.2 
Sand D—5% Bond 
64 15614 1.7 32 13.7 1134 160.9 
13.6 12 163.2 
13.3 12 159.6 
13.5 12 162.0 
13.4 12 160.8 161.3 
65 151 2.1 42 13.4 14 187.6 
13.3 1314 179.5 
13.2 14 184.8 
13.2 131% 178.2 
13.2 14 184.8 182.9 
66 14914, 2.4 47 12.4 1414 179.8 
11.8 15 177 
12.3 1434, 181.4 
12.0 131% 162.0 
12.3 14 172.2 174.4 
67 150 3.0 49 9.3 1714 162.7 
9.0 1714 157.5 
94 1614 155.1 
9.3 16 148.8 
9.3 1714 160.4 156.9 
Sand D—6% Bond 
68 160 1.6 28 14 11 161 
13.3 12 159.6 160.3 
Very dry—hard to get samples to hold together 
69 15614 9 38 15.9 12 190.8 
16.8 131% 226.8 
15.7 14 219.8 212.4 
Sand drying rapidly in dry laboratory air. Specimens cracking in stripping, 
hence only 3 readings 
70 151 2.5 46 9 208.6 
14.7 1414 213.1 
15.1 15 226.5 
14.9 151% 230.9 219.7 
71 152 3.0 49 10.7 203, 222 
11.9 18 214.2 
11.9 171% 208.2 
11.6 1734 205.7 
11.1 1814 205.3 211 
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Fig. 1—Hand-operated deformation test machine. 


pressive strength and the deformation test are made 
simultaneous'y. After placing the sand specimen in 
the holders of the machine, the deformation accessory 
is lowered to contact the weight arm. Adjustment is 
made on the trigger screw, also by turning the bezel 
dial of the indicator to’ bring the black pointer to 
zero setting. A slight pressure on the dial end of the 
accessory to make certain a firm contact between the 
sand specimen and test heads is generally necessary 
because of possible loose sand grains. The red indi- 
cator hand is set against the black hand. While load 
is applied and up to fracture of the specimen, proper 
tension on the indicator will show a constant move- 
ment on the indicator hand throughout the deform- 
ing of the specimen. Failure of the hand to keep 
traveling while pressure is exerted is due to lack of 
resistance at the indicator where contact is made on 
the arc of the machine. After collapse of the speci- 
men, total Deformation is noted on the dial indicator 
by the red maximum hand 

As previously pointed out, a competent operato 
will experience no trouble in getting checking results. 

In a paper by Ries! reviewing several foreign 
methods of sand testing, it is interesting to note that 
two German investigators, Aulich and Lewerenz,? 
measured the deformation point by per cent, i.e. the 
pressure at which the deformation begins is expressed 
in percentage terms of the load required to break 
the test specimen under compression. Even in this 
early work Dr. Aulich states, ““The compression test 
is the best one for strength, because it permits meas- 
urement of the deformation at the same time.” 


Nicolas,!7 in a recent article, refers to deformation 
values for controlling mold hardness. In the same 
article he also notes a reference to green plasticity 
used in the same vein of thought as deformation. 


~ 


Figure 2 is an excellent example showing internal 
shrinkage caused by high green deformation. By 
courtesy of the H. W. Dietert Co. a description of the 
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onditions under which the test was made is given 
is follows: Lead castings were poured in flask equip- 
nent that had all the joints machined and the flasks 
were bolted tightly together between a machined cope 
and drag plate. The sand within the flask, which was 
round, was rammed with a special falling weight 
rammer so that both sands received exactly the same 
amount of ramming energy. The ingates were rela- 
tively small so that they would freeze off and set. 

The writer for some time had entertained the 
thought that the first model of the autographic re- 
cording deformation accessory should be again ex- 
plored. The manufacturer was contacted and has 
since provided a revised accessory, Fig. 3. With this 
accessory one is able to plot the stress curve while 
Deformation takes place. At this time of writing, 
work with the new recorder by the writer is not suffi- 
cient to warrant publishing data. However, the 
writer does feel that the work thus far is sufficient to 
recognize the new recorder as a valuable tool in re- 
search as well as routine sand tests. 


Sand Toughness (STN) 


The total deformation figure, when multiplied by 
the green compressive strength value gives a figure 
known as the sand toughness number. For example: 

Green Strength, 8.5 lb. X deformation, 18 = STN 153.0 

The early work on green sand deformation, when 
used in this manner used the word resilience to de- 
scribe this test figure. The late Professor A. C. Davis,® 
Cornell University, asked that the A.F.S, sand com 
mittees drop the word resilience because it implied 
rebound. In its place he proposed the word toughness. 
His explanation was that the word toughness was a 
better description of the product of strength and de- 
formation. Since that time the A.F.S sand committees 
have adopted the term sand toughness number. 

Although the more significant use of sand toughness 
numbers or STN, as it is generally called, is for 











DEFORMATION 0.018 0O3! 

CASTING | 
WEIGHT. LBS 1.48 153 = 
“SAND A ae 8 


Fig. 2—Photo illustrating internal shrinkage caused by 
high green deformation. 








Fig. 3—Motor-driven deformation test machine with auto- 
graphic recording deformation accessory. 


simplification of control, all too frequently the other 
advantages of determining the STN are overlooked. 

A considerable amount of work to determine 
whether or not sand mixtures with an STN of 150, 
for example, regardless of the type of sand, type of 
bond or other additives, will always give the same 
results. The work to-date indicates that in most in- 
stances the results will be parallel. However, sand 
mixtures have been found that prove otherwise. The 
writer has found that these sand mixtures were ob- 
jectional for the jobs intended for many reasons. 
As grain shape, size, and screen distribution affect 
strength values as well as permeability, etc., defor- 
mation and the resulting STN’s are also affected. 
It is, therefore, important to have a knowledge of 
materials to be used in your sand mixtures as well 
as the mixing cycle or mulling time necessary. 

Foundrymen today speak of optimum moisture, yet 
very few think of optimum strength values or perhaps 
optimum bond content. A mistake often made among 
foundrymen is to consider an optimum moisture and 
a given green compressive strength as being all that 
is necessary for control purposes. Optimum moisture, 
as determined by bulk density, should never be over- 
looked. However, in sand control work, strength 
values as a function of optimum moisture, depend on 
the clay or bond envelope around the sand grains 
for development. The same is true for deformation 
values. Thus, a sand with an STN of 150 should 
have the correct moisture content and the right type 
and amount of bond addition. This does not mean, 
however, that the deformation value would be correct, 
that is, the amount of deformation best suited to the 
type of molding or the resulting castings. For this 
reason, it is necessary to recognize the amount of 
plasticity the various bonds will exert. 
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In establishing an STN for any given sand system, 
it is well to note each of the many factors in the pro- 
duction cycle. Type of gating, casting section size, 
kind of metal and temperature, as well as many other 


conditions are factors too often given little consider- 


ation when establishing a sand mixture. 

It is well to note here the importance of the sand 
grain with reference to its effect on strength and de- 
formation values. In an article by Ries'® and Con- 
ant,”° it is stated that “The character of the grain has 
an influence on the strength and flowing qualities of 
the sand.” 

Sand toughness numbers (STN), as used in control, 
have their first value in simplifying the day to day 
operation. The second and equally valuable use of 
STN is the guide it affords in equipping foundry- 
men with a working tool to make a better selection 
of their material at the sand mill. 


Conclusions 


Many attempts by the A.F.S. Deformation Com- 
mittee to study various phases of the effects of mulling 
time, sand additives, grain shape and size, as well 
as other methods of Deformation measurement have 
been interesting. However, to make this work of 
value to the practical foundrymen, considerable more 
work needs to be done. 

The test data shown in Table | is the beginning 
of a series of studies to note the effect of increasing 
moisture on physical properties over a range of bond 
percentages with four different sands. 

The work, as initially proposed, will include other 
type bonds and various bond combinations. Also to 
be studied in the same manner is the effect of sea- 
coal, etc. in deformation values. 

Deformation and green compressive strength values 
vary with the quantity of bonding material added. 
The test figures shown in Table | indicate that at 
optimum moisture for each of the sands A-B-C-D, 
both deformation and green compressive strength in- 
crease with the increase in the percent of bond. How- 
ever, deformation does not increase in a constant 
ratio with green compressive strength. Davies!’ gives 
a good description of this strength phenomenon in 
dealing with the clay envelope of the sand grains. 

Sand control, as practiced today, recognizes each 
of the physicals that we can accurately measure. Some 
foundrymen, because of circumstances, place more 
emphasis on one or another of the physicals, often 
overlooking the others. For the more rounded pro- 
gram on sand control, each of the measured values 
have their place and should be considered. 

Deformation values, as part of the control picture, 
give the foundrymen a two-fold test. First, is the 
effect other physical properties have on deformation, 
thus using deformation for a means to check off-color 
conditions. Second, is the part deformation has in 
calculating the sand toughness numbers. 

Once established, sand toughness numbers are the 
best factor of control. 
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DISCUSSION 


Chairman: B. H. Boor, Carpenter Bros., Inc., Milwaukee. 

Co-Chairman: H. W. Dietert, Harry W. Dietert Co., Detroit. 

Recorder: F. P. Gortrman, Standard Sand Co., Grand Haven, 
Mich. 

D. C. WituiaMs (Written Discussion):* 1. The author has 
done an excellent job, almost single-handedly, to provide the 
industry with a tool which he believes will permit the evalua- 
tion of sand mixtures. 

2. Figure 2 in the paper proposed to show an existing rela- 
tionship between deformation and shrinkage. It is not clear 
whether the author is referring to internal shrinkage or to 
external contraction. If it is internal shrinkage that is related 
to deformation the writer would like the author to expand on 
the aforementioned relationship. 

3. This discussor has rammed and tested many sand speci- 
mens with the observation that most of the deformation that 
occurred took place in the portion of the 2-in. x 2-in. test speci- 
mep near the end opposite to the rammed end. The writer 
would like to ask the author if he can concur on this observa- 
tion. Also, what is the reason why the author prefers to use 
the deformation values rather than strain values for calculating 
his S.T.N.’s. 

4. This report is a committee report and the committee is to 
be complimented on starting where they did to investigate their 
problem. It is hoped that they will continue their good work. 
One important contribution made by the author was the com- 
pleteness of the data presented. Such permitted an evaluation 
as will be later shown. 

5. Any set of test data is always subject to at least two differ- 
ent interpretations. This discussor, on reviewing the data, has 
come to certain conclusions that may not necessarily conflict 
with those of the author. It is a difference of opinion that will 
lead to progress in understanding deformation in sand _ test 
specimens, 

6. The author is justified in starting his studies at the 1.0 
per cent moisture level. This discussor has taken the position, 
with which he is sure the author will concur, that the useable 
moisture contents in his series of tests are those of 2.5 per cent 
and 3.0 per cent. It is recognized that it is not always possible 
to obtain the exact content desired, and below it will be no- 
ticed that the data are regrouped in the increments mentioned 
above. 


* Associate Professor and Head of Foundry-Option, Department of Indus- 
trial Engineering, Ohio State University, Columbus. 
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7. Reclassification of the data at the chosen moisture contents 
is shown below: 








“ Bond 2.5% H,O 3.0% H,O 
be vee Density Def. Density Def. 
in Grams X1000 = in Grams X1000 
Sand A 4 147 17 we 5 
5 148 16 149 1614 
6 14614 131% 148 15% 
7 147 17 149 18 
Sand B 4 14914 15 15014 151% 
5 150 16 148 18 
6 148 14 149 17 
7 148 1314 148 16 
Sand C 3 15414 16 ine = 
{ 15414 16 155 17 
5 153 16 154 16 
6 152 131% 153 1614 
Sand D 3 147 1414 — _ 
4 150 15 _ dees 
5 14914 14 150 17 
6 151 15 152 1814 





8. The first thought that came from the above rearrangement 
was that the grain distribution of Sand C was different from the 
others and it also was thought that Sands A, B and C had about 
the same grain distributions. If the author would present the 
distributions the above questions could be answered. Based 
upon the above data it is interesting to note that regardless of 
sand grain fineness, water content of the mixture and the per 
cent of bond present there is a marked uniformity in density. 
Such a conclusion may not have been expected and it may be 
that the author can describe why the data indicate what is 
shown above. 

9. The reclassification of data also indicates that regardless 
of moisture content, bond content and grain size distribution 
the deformation is practically a constant value. Plotting the 
data on a stress deformation curve produce a very interesting 
observation. Regardless of stress required to rupture the test 
specimen the deformation at rupture falls in a very narrow 
band. This is not the usual concept of the stress-deformaticn 
for materials. Maybe the author would give us an explanation 
for what appears to be happening. 

10. One of the authors’ conclusions indicated that the de- 
formation varied with the amount of bond present in the mix- 
ture. This does not appear to be substantiated in the reclassi- 
fied data in this discussion. 

11. This discussor asked William H. Cox, a student in the 
Foundry-Option, to analyze the data by a mathematical pro- 
cedure known as the analysis of variants. Such an analysis 
indicates that the moisture content of sand mixtures is by far 
the most significant of the three variables present, namely, 
moisture content, sand grain size and amount of bond in the 
mixture. Further, combinations of variables such as (1) sand 
grain size and per cent of bond used and (2) sand grain size 
and moisture content were found to be only slightly significant 
in contributing to a change in deformation. 

12. Since it has been observed that at the moisture contents 
of 2.5 per cent and 3.0 per cent there is little difference in 
deformation and quite large variations in green conipressive 
strength it could be concluded that the green compressive 
strength is as satisfactory as the S.T.N. for control. Would the 
author explain why he can combine a variable with a constant 
and obtain a value for control that is to be preferred to what 
he can obtain by using only the variable green compressive 
strength? 

W. G. PARKER (Written Reply to Mr. Williams’ Discussion): 

Paragraph 2. We have found in our work both internal shrink-’ 
age and external contraction due to excessive deformation in 
the molding sand. The example as shown in Fig. 2 is a good 
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illustration of internal shrinkage in that consistency was main- 
tained throughout the operation with the one exception, that 
being the deformation of the sand. Our experience with various 
sand mixtures on some types of grid castings have netted as 
much as a quarter ‘of an inch differential in overall length due 
to the amount of deformation in the sand used. 

In short the author believes that the stability of the mold 
wall is of utmost importance to control the shrinkage char- 
acteristics and that the deformation factor is a yardstick of 
measurement to best control this stability. 

Paragraph 3. Mr. Williams is correct in his mention of where 
the deformation is greatest on the 2-in. x 2-in. test specimen, 
however, we are concerning ourselves with the total deforma- 
tion for practical application in sand control work. It is quite 
possible to use the strain values for calculating the S.T.N., 
however, this would deal a more complex operation into the 
sand laboratory. No doubt the S.T.N. values would be differ- 
ent by this method. The author would be interested to see 
the results that might result from this angle. 

Paragraphs 7 and 8. Mr. Williams has not interpreted the 
date in Table 1 as the author intended it. This no doubt is 
the author's fault in that too much of the information relative 
to the work to compile the table was left out of the report. 
Optimum moistures were not always in the 2.5 per cent to 3.0 
per cent moisture brackets. With each of the four sands -we 
found almost as large a differential in grain distribution as was 
found in the AFS Grain Fineness Numbers. 

Paragraph 9. ‘The author does not concur that Mr. Williams 
is correct that regardless of moisture content, bond content and 
grain size distribution that the deformation is practically a 
constant value. The author would like to point out that the 
clay-water mixture once having satisfied the demands of the 
sand grain area the strength factor, because of grain shape, size 
and distribution, is one thing, the ability of the sand to deform 
is another. The author found and concurs with the discussor 
that the deformation at rupture falls in a narrow band when 
the bond content as shown in Table | is also of close proximity. 

Paragraph 10. The author wishes to add an addenda to the 
statement in the concluding section of the paper in reference 
to the fact that the deformation varied with the amount of 
bond present in the mixture and add that the type of bond 
also will vary the deformation. 

Paragraph 12. It is not the author's belief that a variable 
and constant can be combined in any instance for control pur- 
poses. It is believed, however, that we have just as much of a 
constant in defermation as we have in green compressive 
strength with the moisture and all else of a sand mixture being 
constant. At best we know that moisture as a constant value is 
the dream of all foundrymen; strength and deformation will 
vary with the amount of moisture present in the sand mix. 
However, at usable moisture levels we recognize the effect on 
the two physicals in molding sand and have found the greater 
consistency in the Sand Toughness Numbers. 

Co-CHAIRMAN Dietert: We have taken sands from a number 
of shops, all making similar good castings and found that green 
deformation values were in a very narrow range, yet moisture 
varied considerably. This means that the sands were formulated 
in such a way that the green deformation was very close on all 
sands, therefore, green deformation can be used as a control 
test. If the gate freezes eariy and the mold enlarges then metal 
shrinkage results. Our experience shows that this type of in- 
ternal shrinkage is eliminated by lowering deformation. 

Mr. WitiiaMs: Something else altered the change in the 
rate of heat transfer. This is the basic explanation for metal 
shrinkage of this type and not deformation. 

C. A. SANpeRs:* Changes in the sand formulation, density, 
heat conductivity and ramming, which is a prime factor, have 
a considerable effect in controlling metal shrinkage, therefore, 
one must consider all factors together and not just one or two. 


2 Vice-President, American Colloid Co., Chicago. 











PROGRESS REPORT OF 
SHELL MOLDING MATERIALS TESTING COMMITTEE 


By 


G. A. Conger* 


First meeting of the Shell Molding Materials Test- 
ing Committee (8-N) was held May 4, 1952, during 
the 1952 A.F.S. Convention in Atlantic City. Com- 
mittee officers elected were Harry W. Dietert, Harry 
.W. Dietert Co., Detroit, chairman, and G. A. Conger, 
Cambria Fdry. & Eng. Div., Stevens Mfg. Co., Ebens- 
burg, Pa., vice-chairman and secretary. 


Plan Property Evaluation Studies 


The fundamental purpose and function of the com- 
mittee were defined as “the determination and recom- 
mendation of methods and procedures for shell mold 
properties.” To have access to broad facilities and in- 
formation, committee members were selected from 
vendors and users of shell mold materials and castings. 

The scope of the committee’s activities was de- 
scribed as a series of property evaluation programs 
to be investigated by the committee as a whole. The 
following programs were enumerated (not necessarily 
in order of importance) as being of major current 
interest: (1) Reference Sand; (2) Cured Strength, 
Hot and Cold; (3) Mixing Procedure; (4) Cured 
Permeability; (5) Cured Deflection, Hot and Cold; 
(6) Sample Preparation; and (7) Hardness. 

The first problem was the selection of a proper 
reference sand. Qualifications of the sand were enumer- 
ated and committee members, through independent 
investigations and study of pertinent data, selected 
Pennsylvania Glass Sand Co., Pittsburgh, as the pro- 
ducer of the reference sand. The sand, selected at the 


* Chairman, Shell Mold Materials Test Committee (8-N); 
Cambria Foundry & Engineering Div., Stevens Mfg. Co., Edens- 
burg, Pa. 
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second meeting of the committee December 5, 1952, 
in Pittsburgh, is called “Tentative 8-N Reference 
Sand” and will be produced within the following 
tolerances: 








Between Sieves Cumulative 
Mesh % Tolerance % Tolerances 
50 i2 0.5—0.3 2 0.5—0.3 
70 6.8 0.9—0.4 
100 17.0 1.4—1.1 
140 26.0 1.7—2.1 51.0 0.7—0.9 
200 22.0 2.1—1.8 
270 18.0 3.0—2.1 91.0 1.6—1.8 
Pan 9.0 1.8—1.6 





The sand is available in 100-lb bags marked with the 
sand name and production date. 

Committee officers at the time of the second meet- 
ing were: G. A. Conger, chairman; T. L. Burkland, 
Deere & Co., Moline, IIl., vice-chairman, and J. B. 
Frysinger, Pennsylvania Glass Sand Corp., secretary. 


Tensile Strength Important 


Of greatest interest to members of the committee 
at the second meeting was the determination of tensile 
strength. A tentative testing procedure was outlined; 
deviations for comparative purposes and for possible 
test improvements were proposed. 

As of February 1, 1953, the tensile evaluation pro- 
gram was in full operation. Tentative standards will 
be available in the late spring of 1953. 























THE INFLUENCE 
ON 


OF MOLDING MATERIALS 
THE INCIDENCE OF HOT TEARING' 


J. M. Middleton* 


ABSTRACT 

A technique that has been developed for the quantitative 
assessment of the hindrance to the contraction of a steel casting 
that is offered by various molding media is described. The effect 
of variations in bond content, in ramming density, and in grain 
size of the molding media, are indicated, and data relative to 
the range of temperature and to the time after pouring within 
and at which hot tearing occurs are presented. The trends 
indicated by the results obtained are applicable to castings of 
similar size to that employed in the test and to steels of carbon 
and sulphur contents different from those of the test casting. 
The work is being continued to determine corresponding in- 
formation relative to larger castings whose greater heat capacity 
will affect the thermal conditions in the mold. 


Introduction 


It is a well-known fact that steels have practically 
no strength nor ductility at temperatures near to 
their solidus. 

Should the resistance to thermal contraction of- 
fered by a mold be high at these temperatures, the 
stresses induced in the casting may exceed the strength 
of the steel and rupture or hot tearing will result. 
Different molding media, by reason of their chemical 
and physical compositions, have different strength 
properties at elevated temperatures, and may, there- 
fore, be expected to offer varying degrees of hindrance 
to contraction while the steel is in the hot-tearing 
range. 

Little information has been published upon the 
effect that different molding media have upon the 
incidence of hot tearing in steel castings. Some pre- 
liminary work in which the test castings were in the 
form of cylinders of various diameters and wall thick- 
nesses has been reported,! the casting contraction 
being resisted by the cylindrical core and the tearing 
being located below the casting ingates. However, 
the results reported were inconsistent, tearing being 
associated with molding materials known to have low 
hot strength and not with materials known to have a 
high hot strength. 

A large amount of work has been done in deter- 
mining the strength properties of molding media at 
elevated temperatures, but few attempts have been 
made to apply this information to the solution of 
the problem of hot tearing. This is probably due to 


* Research Officer, British Steel Castings Research Association, 
Sheffield, England. 
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lack of information regarding the mode of tearing 
and to the thermal conditions existing in molds and 
castings after pouring. 

The objects of the investigation were: 

1) To evolve a test capable of measuring the 
amounts of hindrance to contraction offered by 
various molding media under casting conditions 
and the incidence of tearing in the casting. 

2) To determine the range of temperature and the 
time after pouring during which hot tearing oc- 
curs, and the thermal conditions prevailing in 
the mold and casting during that time/tempera- 
ture range. 

3) To study the effects of variations in ramming 
density, bond content, and grain size of the mold- 
ing media, and in the casting temperature of the 
metal, upon the incidence of tearing in the cast- 


ing. 
PART I—TEST METHOD 


Apparatus 

The test method which has been evolved embodies 
the following features: 

|) The molding material to be tested is so in- 
cluded as to hinder the contraction of the cast- 
ing. 

2) The molding material is capable of being re- 
producibly rammed to any predetermined de- 
gree. 

3) The design of the casting is such as to provide 
a hot spot where tearing may be initiated. 

4) There are means by which the load induced in 
the casting by hindrance to contraction at any 
time after pouring can be measured. 

The apparatus is shown in Figs. 1A and 1B. A | in. 
square section bar 2114 in. long is cast in a specially 
designed two-part molding box, and binds onto a 
notched steel bolt A which is previously placed in 
the mold cavity. The bolt is attached to a plunger 
which bears onto a flat calibrated spring, the spring 
being seated on two hardened steel rollers which act 
as fulcrums. The spring is so designed as to deflect 
0.001 in. for each load increment of 10 Ib, previous 
work having shown that restriction by a spring of this 
strength causes extensive tearing in a similar casting. 











Fig. 1A—Photograph of the apparatus. 


The bending moment of the spring is measured by 
a dial gauge that is graduated in 0.0005 in. The cast- 
ing is fed by a 4x214x1l4-in. rectangular runner B, 
which is adequate to feed the |] in. square section 
bar and to form a hot spot where tearing may be 
initiated. A rectangular-shaped block of the molding 
material to be tested is placed between the runner 
and a 5%-in. thick steel plate that is bolted across the 
top part of the molding box, the plate extending to 
within 14-in. of the mold face. 

The inclusion of this steel plate ensures that as the 
‘casting contracts, the movement of the runner is re- 
sisted solely by the test block and that variations in 
ramming density in the remainder of the mold can 
have no influence on the hindrance to contraction 
offered to the casting. 

The solid contraction of the cast metal is, there- 
fore, restricted both by the calibrated spring and by 
the test block; the casting, test block and spring form 
a closed stress system, in which the load induced in 
the casting by the restriction of movement of the 
runner by the test block is equal in magnitude to the 
load causing deflection of the spring. 

If the action of the molten metal causes complete 
collapse of the test block no load is induced in the 
casting and no deflection of the spring can occur. If, 
however, the molding material has high strength at 
elevated temperatures, and therefore offers high re- 
sistance to movement of the runner, then the contract- 
ing casting will cause deflection of the spring. 

The amount of deflection at any time after casting 
will depend upon the strength characteristics of the 
molding material and the rate of contraction of the 
casting. The rate of contraction of the casting will 
depend upon its casting temperature and can be kept 
constant from test to test. 

If the resistance to contraction offered by the test 
block is high while the metal is weak, then tearing 
will occur at the hottest spot, i.e., at the junction of 
the runner and the bar. 

Preparation and Testing of Test Block 
Three base sands were used, Arnolds 26A, Arnolds 
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52A and Chelford medium, the gradings of which ar: 
given in Table I. All mixes were milled for at leas: 
4 min in a 20-lb Fordath mixer. Western bentonit« 
was used throughout the tests, except where note! 
differently. 

In order to eliminate variations in ramming den 
sity, test blocks were made by pressing a known quan 
tity of sand to a definite volume in a specially de 
signed metal core box. The pressure needed for com 
paction was applied by means of a Denison compres 
sion testing machine, the load required for compa: 
tion being noted. The pressed blocks were 514x4x 
214-in. thick. At least three blocks were made from 
each mix, one to be included in the test casting, and 
the others for the purpose of determining their room- 
temperature properties. 

A large number of blocks of this size gave good 
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Fig. 1B—Isometric sketch of apparatus. 


reproducibility of compressive strength and hardness 
test results, and therefore the strength of the blocks 
used to hinder contraction of the casting could be 
assessed. Drying of the test blocks where necessary 
was done im a laboratory oven, the clay-bonded sands 
being dried for 3 hr at 200 C (392 F) and the organic 
bonds for 114 to 3 hr at 170 C (338 F) or 200 C (392 
F) depending upon the nature of the bond. 


Testing Procedure 


The mold was rammed up with a thick facing of 
Arnolds 26A sand plus 3 pct bentonite and 214-3 pct 
water, the test block being positioned in the mold 
immediately before pouring. 

Melting was carried out in a 20-lb capacity high- 
frequency furnace, the melting conditions being held 
as constant as possible from one test to another. De- 
oxidation was effected by ferro-manganese and ferro- 
silicon and, finally, with aluminum at the rate of 2 
Ib per ton of steel. 

Previous work? with a similar size of casting having 
shown that metal composition and casting tempera- 
ture have a pronounced effect on the susceptibility 
of steel to tearing, the casting temperature in all 
tests (excepting those in which the effect of varia- 
tion of casting temperature was investigated) was held 
at 1575 C (2867 F), and the metal composition was 
held within the following limits: 


Per Cent 
Carbon 0.25-0.28 
Silicon 0.38-0.45 
Manganese 0.85-0.9 
Sulphur 0.036 
Phosphorus 0.032 
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\ll temperatures were measured with Pt/Pt-13 pct Rh 
immersion thermocouples in conjunction with a 
quick-reading potentiometer. 

Spring deflection readings were taken immediately 
after completion of pouring, and subsequently at time 
intervals of 5 sec for a total period of 4 min. 

All test bars were sectioned at the position of tear- 
ing, that is, through the junction of the bar and run- 
ner, and the sections were surface ground and etched 
for 7-10 min in a hot 1:1 HCI solution. The length of 
tear was measured in millimeters. 


PART II—DETERMINATION OF TEMPERATURE CON- 
DITIONS UNDER WHICH HOT TEARING OCCURS 


Temperatures were measured by means of Pt/Pt- 
13 pet Rh thermocouples at three positions in the 
casting and five positions in the test block. The 
temperatures recorded are shown in Fig. 2, in which 
the curves may be identified with the following ther- 
mocouple positions: 


Casting 
a) Immediately below the runner at the position 
of tearing. 
b) Towards the end furthest from the runner, 3 
in, from the end of the insert bolt. 
c) As near as possible to the center line of the 
bar and beneath the runner. 


Test Block 

d) At the metal/sand interface between the test 
block and runner, the single length of silica quill 
and thermocouple being so arranged along the 
test block as to protrude slightly into the mold 
cavity. 

e) f) g) h) The thermocouples were placed so that 
their bare junctions were at the center line of 
the block and at various distances from the inter- 
face. The exact distances were determined by 
carefully breaking up the core after casting. 

At positions a) and b) bare thermocouples were 

used and were so arranged as to protrude slightly 
into the mold cavity. By this means skin temperatures 








TABLE | 
U.S. Standard B.S.I. Sieve Coarse Medium Fine 
Sieve Series No. (52 A) (Chelford) (26 A) 
8 0.0 0.0 0.0 
6 0.0 0.0 0.0 
10 00 0.0 0.0 
12 0.0 0.0 0.0 
16 1.0 0.1 0.6 
20 2.5 0.0 1.5 
22 4.8 0.2 0.5 
30 10.0 1.0 0.7 
30 27.7 1.5 12 
40 52.5 4.5 1.8 
44 52.5 11.1 3.6 
50 30.0 22.5 4.0 
60 11.5 30.4 6.7 
70 3.5 43.0 11.5 
72 1.0 27.7 6.9 
100 0.8 20.6 31.5 
100 0.8 20.6 31.5 
140 0.4 7.2 39.8 
150 0.4 7.2 39.8 
Pass 140 0.3 iz 92 
Pass 150 0.3 1.2 9.2 
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of the casting at these positions were recorded. The 
thermocouple at c) which measured the temperature 
existing in the interior of the casting at the position 
of tearing consisted of a single length of silica quill 
bent in the form of a U, the two thermocouple wires 
being butt welded and forming a junction at the 
center of the U. 

This construction ensured that at least 114 in. of 
the thermocouple was in contact with hot metal, 
thereby reducing any errors which might otherwise 
have arisen as a result of conduction. The actual 
position at which temperatures were measured was 
determined by carefully sectioning the casting when 
it was found that the thermocouple had moved 
slightly and was along the vertical center line of the 
bar about 0.35 in. from its upper surface. 

It will be seen from curves a) and b) of Fig. 2 
that a considerable temperature gradient existed 
along the skin of the casting from the runner to the 
opposite end of the bar; temperature differences of 
65 C (149 F) and 180 C (356 F) being recorded 30 
sec and 75 sec after completion of pouring, and the 
runner forming an appreciable hot spot. 

The maximum interface temperature attained 
[1431 C (2608 F)] at the position of tearing was be- 
low that of the solidus of the steel [approx. 1470 C 
(2678 F)], but near the center of the section of the 
bar at this position, curve c), a time of 70 sec elapsed 
before the temperature fell below the solidus of the 
steel. Curve c) shows an arrest at 1510 C (2750 F), 
i.e., the liquidus of the steel, which was complete 30 
sec after pouring. The sand/metal interface, curve 
d), quickly reached a temperature of 1420 C (2588 
F) and remained above 1400 C (2552 F) for a period 
of 140 sec. 

The marked temperature gradients that existed in 
the test block are shown more clearly in Fig. 3, but 
it will be noted that 55-75 sec after pouring a 0.1-in. 
depth of sand was heated beyond 1300 C (2372 F) 
and a depth of 0.05 in. was heated above 1350 C 
(2462 F). The strength of this depth of heated sand 
must largely control the amount of resistance that the 
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Figure 3 


test block can offer to the movement of the runner, 
and therefore the amount of stress induced in the 
casting during the first few moments after pouring 
when tearing is most likely to occur. 

Temperature of Testing 

Previous work? on a casting having similar design 
has shown that tearing occurs at temperatures be- 
tween 1400 and 1420 C (2552 and 2588 F) during 
the first 55 to 80 sec after pouring, depending upon 
a) the degree of hindrance to contraction offered by 
the mold or core, b) the casting temperature, and c) 
the composition of the steel. Work by Bishop and 
co-workers*® puts forward evidence to show that tear- 
ing is initated at temperatures near to the solidus, 
when a small amount of liquid remains unfrozen, and 
suggests that the tears are propagated through these 
weak fluid films. 

In order to ascertain when tearing takes place in 
the casting investigated, a cast was made in which 
the contraction of the casting was resisted solely by 
the spring, that is, the runner end of the casting was 
held rigid. The results are shown in Fig. 4. 

The casting tore completely (Fig. 5) with a load of 
55 Ib 55 sec after pouring. At the position of tear- 
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ing the temperature at the skin of the casting wa 
1431 C (2608 F), and in the interior of the castin; 
it was 1488 C (2710 F). This latter temperature i 
approximately 20 C (68 F) above the solidus of th: 
steel, which means that at the time of tearing at thi. 
position there would be approximately 16 pct o 
liquid steel in contact with 84 pct solid. 

This supports the hypothesis of Bishop and cc 
workers® that tearing can be initiated while liquid 
metal is present. However, tearing does not occu: 
at one particular temperature, but can be initiated 
over a temperature range, from the point at which 
the freezing metal forms a coherent mass down to 
the temperature at which the last liquid freezes, o1 
when the metal quickly attains strength or ductility. 

Cooling curves taken on the casting being studied 
have shown a) that some liquid metal is present in 
the casting for at least 70 sec after pouring, and b) 
that the first signs of solid contraction in a freely 
contracting bar occur 30 to 35 sec after pouring. 
The period from approximately 30 to 70 sec after 
pouring is, therefore, the hot-tearing range for this 


Fig. 5— Complete 
tear in casting in 
which the movement 
of the runner was re- 
stricted. 





particular casting under the experimental conditions 
of steel composition and pouring temperature that 
were employed. 

In the subsequent experiments, reported in Part 
III, the loads that were induced in the casting by 
hindrance to contraction at 55, 75 and 105 sec after 
pouring have been used for comparison, it being con- 
sidered that these readings represent the time range in 
which hot tearing can occur. 

The correlation obtained between the load on the 
casting 75 sec after pouring and the extent of tear- 
ing in the casting is shown in Fig. 6. 


PART III—EFFECT OF VARIABLES UPON THE INCI- 
DENCE OF HOT TEARING 

A number of preliminary tests were made to de- 
termine the degree of reproducibility of results from 
one test to another, and Fig. 7 shows repeat-test 
curves of the loads induced in the casting by hin- 
drance to contraction at different times after pour- 
ing. The additions made to the sand mixes em- 
ployed in these preliminary tests were: a) 5 pct ben- 
tonite and 20 pct silica flour, b) 1.5 pct linseed oil, 
and c) 5 pct bentonite. The degree of reproducibility 
of results shown by the curves in Fig. 7 is considered 
to be satisfactory. 


Effect of Ramming Density of Green and Dry Molds 
Test blocks composed of Arnolds 26A sand with 5 
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pet bentonite and 3 and 5 pct moisture were pressed 
‘o various densities, and the effect of ramming dens- 
ity in the green and dry state on the load induced 
in the casting a‘ different times after pouring is shown 
in Figs. 8 and 9. The curves show that for identical 
densities dry sands restrict the contraction of the 
casting more than green sands and so induce higher 
loads in the casting. The amount of load induced 
in the casting at similar time intervals after pouring 
increases as the green or dry density of the sand com- 
pact is increased, and the load is induced earlier 
after pouring with the higher density compacts. 
Figure 8 shows that it is possible for a green-sand 
compact having a high ramming density to induce 
higher loads in the casting than a dry-sand compact 
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Fig. 6—Hindrance and hot tearing 75 seconds after pouring. 






































T T T T T T T T ¥ T ' T a 
aA 
he 
a/ 
160F je 
! j 
Vs // 
HOF : > 
j MS 
: ya 
120} { fi lh 
* wy 2? 
ail ! GM 
Fig. 7 — Reproducibility of hot 21 ool 20%, SILICA FLOUR P LSPLINSEED O1L pp fl : 
tearing test was checked as ~ , fo, 
. : . fe) 4 / 
shown here before investigation § y i 
: 8OF . / / " 
of variables was started. ‘s 2 /, 
. of 7 
2 aot 
60r a / Pg Py « 
. \—_— 
4 “ he 
40+ Pe a ee - 
‘ a 
my / io 
20} a rts” _ S%BENTONITE 7 
Pos , “a 
° 4 er. ,' i — 1 Pokal “i” m 1 4 
20 40 60 100 120 40.90 20 40 60 80 100 120 140 
TIME AFTER POURING SECONDS 
having a lower density, even though the dry sand ok T r py T , r ’ 
has the greater compressive strength at room tem- 3°%p BENTONITE 
200 3°, MOISTURE 4 
peratures. — 
The load values taken from the curves (Fig. 9) at 
time intervals of 55, 75, and 105 sec after pouring 180 + DENSITY COMP STRENGTH , 
were plotted against the respective compressive = pet 
strengths and densities of the compact and are shown 160 } i oe a 1 
in Fig. 10. It can be seen that as the density, and > ORY 13 29.1 2 
Pm 1d 4 GREEN 1-3 44 / 
therefore the compressive strength, of green- and dry- 140 } 
sand compacts increase, the compact offers more re- 
sistance to contraction and induces higher loads in alr 
the casting. It is noticeable that with green-sand 3 
compacts no load is induced in the casting 55 sec $| 100 } 
after pouring, and only a slight load (max. 5 Ib) is . 
induced by dry-sand compacts. so} 
The loads due to hindrance to contraction by 
green- and dry-sand compacts cannot be plotted on on 
the same curve, because in some instances higher, 
loads are associated with the green-sand compacts, on 
even though the dry-sand compact has the higher 
y . -_ : 
compressive strength. For example, 75 sec after pour aN 
ing a green-sand compact (1.52 g/cc density) having 
a compressive strength of 10.2 lb/sq in. induces a a : J Ko - P ? on 
higher load in the casting than a dry sand (1.31 g/cc o 20 4 60 6 Wo 80 “Oo 60 0 


density) with compressive strength of 62.0 lb/sq in. 
The amount of load induced in the casting at any 


TIME AFTER POURING SECONDS 


Fig. 8—Effect of ramming density of green and dry sands. 
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time after pouring is governed by the amount of 
hindrance to movement of the runner that may be 
offered by the test block and must, therefore, be 
controlled by the strength properties of the test 
block. 

A depth of sand in the test block, depending upon 
the time after pouring, is heated to a high tempera- 
ture [above 1300 C (2372 F)] and will have low 
strength, while a much greater depth will be heated 
to temperatures beyond 100 C (212 F). For ex- 
ample, 75 sec after pouring, sand to a depth of at 
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least 0.65 in. is at a temperature above 100 C (212 
F). This depth of sand (0.65 in.) if of similar den- 
sity should then have identical strength properties 
irrespective of whether it was originally a dry- o1 
green-sand mix, and higher strengths in this depth 
of sand should be associated with higher density 
compacts.* 

The strength of the cooler portion of the test 
block will also be effective in influencing the hin- 
drance to contraction offered by the block. If it is 
very weak it will deform along with the hot portion 
of the block, and therefore the test block as a whole 
will have low resistance to contraction. However, if 
the cooler portion is relatively strong, it is possible 
that the contraction of the test bar will be resisted 
mainly by that portion of the test block which is at 
a high temperature, and therefore weaker. 

The amount of hindrance to the contraction of the 
casting that is offered by the test block will thus de- 
pend upon the relative strengths of the hot surface 
layers and the cooler interior of the test block. A 
sand compact having moderate room temperature 
strength, but capable of developing a high hot 
strength, will restrict the contraction of the casting 
more than a sand compact having a high room tem- 
perature dry strength but a low hot strength. This 
will be especially so during the first few moments after 
pouring, when high temperatures are attained at the 
surface of the test block and when the amount of 
contraction which the casting can undergo is small. 

Sections taken through the junction of the runner 
and the bar showed that small tears were present in 
only those castings that were restrained with the 
higher density (1.52 g/cc) green- and dry-sands com- 
pacts (Figs. 11 and 12). The castings restricted with 
those green- and dry-sand compacts having lower 
densities were free from tearing at this position, a 
typical example being shown in Fig. 13. 

Effect of Amount of Bond 

To determine the effect of variations in the amount 

of clay bond, a series of tests was carried out using 
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Fig. 14—Greatest resistance to 
contraction, measured by tests 
reported here, came at bentonite 
contents of 2 to 3 per cent. In- 
creased bentonite reduced the 
resistance but not to low level 
found at 1.5 per cent. 
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test blocks composed of Arnolds 26A sand contain- 
ing different amounts of bentonite from 1.0 to 10.0 
pet. All blocks were pressed to the same density, 1.45 
g/cc, and the moisture content was held constant at 
3.0 pct with the exception of the 10.0 pct bentonite 
mix, which contained 5.6 pct moisture. The blocks 
were tested in the dry condition, and the details of 
compressive strength, are given in Table 2. 

The curves in which the loads due to hindrance to 


Fig. 11 — Tear in 
casting restrained by 
green sand test block 
rammed to a den- 
sity of 1.52 g/cc and 
bonded with 5 pct 
bentonite. 


Fig. 12 — Tear in 
casting restrained by 
dry sand test block 
rammed to a density 
of 1.52 g/cc and 
bonded with 5 pct 
bentonite. 


Fig. 13 — Tear-free 
casting restrained by 
a dry sand test 
block rammed to a 
density of 1.38 g/cc 
and bonded with 5 
pet bentonite. 
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contraction are plotted against percentage bentonite 
additions, at time intervals of 55, 75 and 105 sec 
after pouring, are shown in Fig. 14. 

As can be seen from the curves, higher loads, and 
therefore greater resistances to contraction, are as- 
sociated with the blocks containing 2.0 to 3.0 pct 
bentonite. An increase in bentonite from 3 to 4 pct 
causes a lowering of the test block’s resistance to 
contraction, but further increases to 5.0 and 10.0 pct 
have little effect. The test block containing 1.5 pct 
bentonite offers the lowest resistance to contraction 
in the range investigated. 

Also included in the graph (Fig. 14) is a curve 
showing the extent of tearing associated with each 
percentage addition of bentonite. It will be noted 
that the longest tears are found in the casting re- 
stricted by the block containing 2.0 pct bentonite, 
and that no tears were found in the casting held by 
the test block containing 1.5 pct bentonite. 

The reason for this maxima in the load and tear- 
ing curves at 2.0 and 3.0 pct bentonite is not ap- 
parent. It may be due to differences in the distribu- 
tion of the bond with varying bentonite contents, 
but further work is necessary before a satisfactory 
explanation can be given. 


Effect of Sand Grain Size 

Tests were carried out on three sands having dif- 
ferent grain sizes (details of gradings given on Table 
1), the mixes containing 5 pct bentonite and 3.0 pct 
moisture. The blocks were pressed to densities that 
resulted in similar strengths in the dry condition, 
and the details of compressive strengths are given in 


TABLE 2 





Test Blocks 
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Bentonite, % J 2.0 3.0 
Moisture 

Content, % 3. 3.1 3.1 
Load for com- 

paction, psi 
Dry strength, psi 
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Figure 15 


Table 3. The loads induced in the castings at vari- 
ous times after pouring for the four compacts are 
shown in Fig. 15. 








TABLE 3 
Load for Dry 
Moisture, Density, Compaction, Strength, 

Sand % g/cc psi psi 
Fine 
Arnolds 26A 2.8 1.45 121.0 71.6 
Medium 
Chelford 3.2 1.49 35.0 71.1 
Coarse 
Arnolds 52A 3.1 1.55 173.0 70.0 

3.0 1.52 74.0 55.5 





As the grain size of the sand is increased so is the 
hindrance to contraction offered by the compact and 
the amount of load induced in the casting. For ex- 
ample, 75 sec after pouring the loads induced in the 
castings by the different compacts are: 





CE OR OD De Pre. ee eee 26 Ib 
Coarse sand (Density 1.52 g/cc) .........ccccccess 40 Ib 
Coarse sand (Density 1.55 g/cc) ............+++.--55 Ib 





It is known that as the grain size of the sand in- 
creases so does the sintering point of the compact, 
and therefore its hot strength. These in turn in- 
crease the hindrance to the contraction of the cast- 
ing that is offered by the compact. 

Photographs of sections taken from the castings 
showing the extent of tearing with the four mixes are 
shown in Figs. 16, 17, 18, and 19. Tearing is most 
severe in the casting held by the higher density 











coarse sand, and becomes less severe as the grain size 
of the sand is reduced. The difference in the extent 
of tearing with the coarse and fine sands compacts is 
not so great as would be expected when the loads 
induced in the casting during the hot-tearing range 
are compared. 

It will be noted, for example, that 75 sec after 
pouring the casting held by the coarse sand is under 
a load three times as great as that in the casting held 
by the fine-sand compact. A possible explanation for 
this is that a) lower metal/mold interface tempera- 
tures are associated with coarse-sand compacts than 
with fine-sand compacts under identical conditions, 
and b) coarse-sand compacts have higher thermal 
conductivities than fine-sand compacts. 

The inclusion of a coarse sand test block will there- 
fore result in lower temperatures and faster rates of 
cooling than with a fine-sand compact, and the hot 


Fig. 16 — Tear in 

casting restrained by 

a test block of fine 
sand mixture. 








Fig. 17 — Tear in 
casting restrained by 
a test block of me- 
dium sand mixture. 





Fig. 18 — Tear in 
casting restrained by 
a test block of coarse 
sand rammed to a 
density of 1.52 g/cc. 








Fig. 19 — Tear in 
casting restrained by 
a test block of coarse 
sand rammed to a 
density of 1.55 g/cc. 
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spot in the casting should be less intense and the 
development of strength in the casting should be 
more uniform, with a resultant lessening in the like- 
lihood of tearing. 

A coarse-sand compact, therefore, influences the 

contraction of the casting in two ways: 

a) By reason of its high hot strength, it increases 
the hindrance to contraction and thereby makes 
tearing more probable. 

b) It flattens the temperature gradients in the cast- 
ing (i.e., it acts as a chill) and diminishes the 
possibility of tearing. 


Effect of Different Bonds 


Tests were carried out on test blocks containing 
different clay and organic bonds, and the loads in- 
duced in the castings at periods of 55, 75 and 105 sec 
after pouring are shown in Fig. 20, together with a 
curve showing the extent of tearing associated with 
each bond. 

The test blocks bonded with clay binders were 
made of Arnolds 26A sand, while those containing 
organic bonds were made of Chelford medium sand. 
All blocks were tested in the dry condition, and de- 
tails of moisture content, density, etc., are given in 
Table 4. 

The results show that the higher loads due to 
hindrance to contraction are associated with cast- 
ings held by the test blocks containing organic bind- 
ers (phenol resins, linseed oil and semi-solid), this 
being specially so at times of 75 and 105 sec after 
pouring. 

With clay binders the highest loads are induced 
with test blocks containing fireclay and silica-flour 
additions, and the lowest loads with those contain- 
ing ball clay, bentonite and bentonite plus iron 
oxide. A naturally bonded sand had low resistance 
to contraction. The addition of a cereal binder to 
a bentonite-bonded sand had little effect. 

Determination of strengths of molding materials at 
elevated temperatures> have shown that mixes con- 
taining fireclays and silica flour additions have 
higher strengths than those containing bentonite, 
especially at the temperatures attained near the cast- 
ing interface, that is, above 1300 C (2372 F). 

Of the organic bonds, the highest hinderance to 
contraction was offered by the test blocks contain- 
ing 2 pct linseed oil, and the lowest with the block 
containing 1.25 pct urea resin. The results confirm 
that sands bonded with urea resins collapse more 
readily than sands bonded with phenol resins, the 
phenol-resin-bonded sand having similar collapsibility 
to one containing 1.5 pct linseed oil. 

The addition of a clay (1.5 pct bentonite) to a 
linseed oil mix reduces the media’s ability to resist 
contraction. This is at variance with published 
work,® which suggests that clay additions to organic 
binders increase the compact’s time of collapsibility 
at 1871 C (2500 F). 

The extent of the tears in the castings restrained 
with the blocks bonded with clays is small, being of 
the order of 2 mm for the majority, and increasing 
to 4-5 mm with fireclay and silica-flour additions. 
Large tears, however, are associated with the cast- 
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TABLE 4 
Load for Dry Comp. 
Moisture, Density Compaction, Strength, 
Bond - & g/cc psi psi 
Arnolds 26A Sand 
1.5% Bentonite 3.0 1.45 231.0 64.0 
5.0% Bentonite 5.0 1.52 118.0 170.8 
10.0% Bentonite 5.6 1.45 42.2 111.0 
5.0% Bentonite + 
1.0% Cereal Binder 5.2 1.52 115.0 254.0 
5.0% Bentonite + 
5.0% Fe,O; 4.7 1.52 71.0 140.0 
5.0% Western Med- 
itteranean Bentonite 4.6 1.52 184.0 105.0 
5.0% Fullers Earth 4.9 1.45 50.7 71.0 
7.5% Secondary 
Mica Clay 4.2 1.45 57.0 63.2 
75% China Clay 3.5 1.52 52.8 34.4 
7.5% Ball Clay + 
2.0 % Bentonite 4.4 1.52 59.0 111.0 
7.5% Fireclay 3.3 1.52 112.0 44.0 
20.0%, Silica Flour + 
5.0% Bentonite 5.1 1.52 93.0 170.0 
Naturally Bonded 
Sand 6.6 1.72 30.0 241.0 


Chelford Sand 

1.25% Phenol Resin 

2.0%, Cereal Binder 

0.5% Parting 3.0 1.64 78.0 700.0 
1.25% Urea Resin 

2.0% Cereal Binder 


0.5% Parting 3.0 1.64 57.0 825.0 
1.5% Linseed Oil + 
1.5% Cereal Binder 2.5 1.60 72.0 1442.0 
2.0% Linseed Oil + 
1.5% Cereal Binder 2.5 1.60 94.8 1810.0 


"5%, Linseed Oil + 

1.5% Cereal Binder + 

1.5% Bentonite 2.5 1.60 103.0 485.0 
4.0% Semi-Solid 1.58 134.0 1060.0 





ings restrained by the blocks containing organic bind- 
ers (except in the case of the urea-bonded sand), the 
casting restrained with the block containing 2 pct 
linseed oil being almost completely severed. Typical 
examples of the extent of tearing with various bonds 
are shown in Figs. 21, 22, 23 and 24. 


Effect of Variations in the Amount of 
Linseed Oil Variations 


Since severe tearing was encountered in castings 
restrained with test blocks bonded with linseed oil, 
a number of tests were made to determine the effect 
of variations in the amount of linseed oil addition. 
The castings were restrained by test blocks of similar 
density but containing linseed oil additions of from 
0.75 to 2.0 pct. The loads induced in the casting 55 
and 75 sec after pouring and the amount of tearing 
associated with each mix are shown in Fig. 25, and 
details of compressive strength, etc. are given in 
Table 5. 

An increase in the amount of linseed oil from 0.75 
to 1.0 pct causes higher loads to be induced in the 
casting; a further increase of linseed oil from 1 to 1.5 
pct has little effect, but additions of 2 pct increase the 
amount of load considerably. Dietert® has shown that 
as the linseed oil/sand ratio becomes greater, so the 
sand collapses more readily at elevated temperatures. 

As would be expected, the curve showing the ex- 
tent of tearing associated with each linseed-oil mix 
takes a similar form to that of the load curves. Pho- 
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tographs of casting sections showing the extent of TABLE 5 

tearing with each linseed oil content are shown in 

Figs. 26, 27, 28 and 29 ) ip Gea. 

1gs. , , an ° Moisture, Density Compaction, Strength, 
Bond % /cc psi psi 


Effect of Variations in Casting Temperature 
In all the tests previously described the casting tem- 





0.75% Linseed Oil 


ree - 1.5% Cereal Binder 2.5 1.60 200.0 1110.0 
perature was held constant at 1575 C (2867 F) to 1.0% Linseed Oil 
ensure that any differences in hindrance to contrac- 1.5% Cereal Binder 2.5 1.61 219.0 1170.0 
tion and the incidence of tearing were due solely 1.5% Linseed Oil 
to the nature of the molding material. Variation in oe ero 25 1.61 108.0 1442.0 
— ji 2.0% Linsee i 
casting temperature should, however, alter the tem 1.5% Cereal Binder 25 161 94.8 1810.0 


perature conditions in the test block and casting, and 
should therefore affect the amounts of hindrance to 





contraction operating while the steel is in the hot- Casting temperatures of 1525, 1575 and 1625 C 
tearing range. (2777, 2867 and 2957 F) were used, except in the case 
To ascertain the effect of variation in casting tem- of the mix containing 20 pct silica flour for which 
perature a series of tests were carried out using test casting temperatures of 1575 and 1625 F (2867 and 
blocks bonded with: 2957 F) only were employed. 
a) 5 pet bentonite. (Moisture, 4.8 pct; density, 1.52 Curves in which the load due to hindrance to con- 
g/cc; dry compression strength, 170.8 psi.) traction is plotted against time after pouring for the 
b) 5 pct bentonite + 20 pct silica flour. (Moisture, linseed oil and silica flour mixes at the different cast- 
4.4 pct; density, 1.51 g/cc; dry compression ing temperatures are shown in Fig. 30. 
strength, 120 psi.) Similar trends of load/time with casting tempera- 
c) 1.5 pet linseed oil + 1.5 pct cereal binder. tures were obtained with the 5 pct bentonite mix. 
(Moisture, 2.5 pct; density, 1.60 g/cc; dry com- The curves show that as the casting temperature 
pression strength, 1442.0 psi.) becomes lower so the load induced in the casting at 
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iny time after pouring becomes greater. For example, 
75 sec after pouring a casting held by a test block 
containing 1.5 pct linseed oil bears a load of 30 Ib 
when poured at 1625 C (2957 F), 40 Ib when poured 
at 1575 C (2867 F), and 76 lb when poured at 1525 


le hahal 


© (2777 F). This trend is due to two factors: 


1) With lower casting temperatures the tempera- 
tures attained in the test block will be correspond- 
ingly lower, and therefore the molding material 
will have higher strength and slower collapsibil- 
ity, thus being capable of resisting the contraction 
of the casting to a greater degree. 

2) Low casting temperatures make for rapid solid- 
ification of the casting and higher rates of 
solid contraction, thereby making stress develop- 
ment in the casting more rapid. 

As the casting poured with the lower superheat is 


Fig. 21—Section of 
casting showing the 
amount of tear in- 
duced by test block 
made from naturally 
bonded sand. 


Fig. 22—Section of 
casting showing tear 
induced by test 
block bonded with 
7.5 pet fireclay. 


Fig. 23—Section of 
casting showing the 
amount of tear in- 
duced by test block 
bonded with 1.25 pct 
phenol resin. 


Fig. 24—Section of 
casting showing tear 
induced bytest 
block bonded with 2 
pct linseed oil. 
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the one most highly stressed, it would be expected to 
contain the largest tears. This was not found to be 
so, as is evidenced by the sections shown in Figs. 31, 
32 and 33. 

The tearing is most severe in the casting poured at 
the highest casting temperature, namely, at 1625 C 
(2957 F), and becomes less severe as the casting tem- 
perature is lowered. This means that test blocks 
bonded with 1.5 pct linseed oil have slow collapsibil- 
ity, even when the temperatures in the test block are 
accentuated by the use of the higher casting tempera- 
ture. The extent of tearing in the casting will, there- 
fore, depend upon the relative amounts of compara- 
tively strong (cool) steel and comparatively weak 
(hot) steel. 

Low casting temperatures favor a more uniform 
solidification rate throughout the casting so that 
strength development is uniform. With higher cast- 
ing temperatures the temperature gradients in the 
casting are steeper and one portion of the casting 
(i.e., the bar) will have undergone considerable solid 
contraction, while the other portion (i.e., the runner 
portion) will be hot enough to be very weak. 

A low casting temperature will also ensure the 
rapid formation of a solid skin on pouring which is 
able to resist the contraction stresses. The range of 
casting temperatures (1525-1625 C) (2777-2957 F) 
chosen for this investigation is that usually encount- 
ered in practice; it is possible that with still higher 
casting temperatures more rapid collapse of the lin- 
seed-oil-bonded sand may occur and thereby make 
tearing less severe. 

With the other sand mixes the influence of cast- 
ing temperature on tearing is much less marked. Fig- 
ures 34, 35 and 36 show sections taken from castings 
held with the test blocks bonded with 5 pct benton- 
ite and cast at 1525, 1575 and 1625 C (2777, 2867 
and 2957 F), and Figs. 37 and 38 show sections held 
by test blocks containing 20 pct silica flour and cast 
at 1575 and 1625 C (2867 and 2957 F). 

The effect of increasing the casting temperature 
from 1575 to 1625 C (2867 to 2957 F) using test 





Fig. 26 — Tear in 

casting restrained by 

test block bonded 

with 0.75 pct linseed 
oil content. 


Fig. 27 — Tear in 

casting restrained by 

test block bonded 

with 1.0 pct linseed 
oil content. 


Fig. 28 — Tear in 

casting restrained by 

test block bonded 

with 1.5 pct linseed 
oil content. 


Fig. 29 — Tear in 

casting restrained by 

test block bonded 

with 2.0 pct linseed 
oil content. 








blocks containing 20 pct silica flour is slightly to in- 
crease the extent of tearing. With test blocks bonded 
solely with 5 pct bentonite, tearing is associated only 
with the casting poured at 1575 C (2867 F), the cast- 
ings poured at 1525 and 1625 C (2777 and 2957 F) 
being relatively free from tears. 

The differences in behavior with variations in cast- 
ing temperature between the clay and _ linseed-oil- 
bonded sands is probably due to the retention of 
strength properties of linseed-oil-bonded sands with 
increasing temperatures as opposed to a lowering of 
strength properties of sands containing clays and 
silica flour with increasing temperature. This will 
cause the linseed-oil compacts to offer higher resist- 
ance to contraction to the casting with higher cast- 
ing temperatures. 

The load curves in Fig. 30 confirm this view: at a 
pouring temperature of 1625 C (2957 F) and 75 sec 
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Fig. 31—Section of 
casting poured at 
1525 C (2777 F) re- 
strained by test 
block containing 1.5 
pet linseed oil. 


Fig. 32—Section of 
casting poured at 
1575 C (2867 F) 
and restrained by 
test block containing 
1.5 pet linseed oil. 


Fig. 33—Section of 
casting poured at 
1625 C (2957 F) 
restrained by test 
block containing 1.5 
pet linseed oil. 
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after pouring, the loads induced in the casting held 
by the blocks containing 1.5 pct linseed oil and 20 pct 
silica flour are 30 and 17 Ib, respectively. 


Conclusions 


in this investigation the composition of the steel 
was constant throughout and the results apply only 
to the composition. Variations in the carbon or sul- 
phur contents of the steel will influence its mode of 
solidification and should, therefore, increase or dimin- 
ish the hot-tearing range and affect the incidence of 
tearing. However, the trends obtained with regard to 
the effects of variations in molding materials should 
be similar. 

The test method that has been described gives a 
comparison of the amounts of hindrance to contrac- 
tion that are offered by various molding media under 
the conditions of test. Any change in these condi- 
tions, e.g., casting design, will have an effect upon 
the results, although with castings of similar size the 
trends of the degree of hindrance to contraction with 
various bonds, effect of compact density, etc., should 
be similar. 

With larger castings having a greater heat capacity, 
however, the temperature conditions in the mold will 
be more intense and the rate of solid contraction of 
the casting will be slower. Organically bonded sands 
will have more time in which to collapse before the 
casting is in the hot-tearing range, and the clay- 
bonded sands, being at a higher temperature, will be- 
have differently. 

It is suggested that tearing occurs over a tempera- 
ture range, i.e., tears are initiated at high tempera- 
tures, probably within the solidus/liquidus region 
and with only slight loads (of the order of a few 
pounds) acting on the casting. The tears are propa- 
gated further as the stresses induced in the casting 
become greater down to a temperature at which the 
steel rapidly develops strength or ductility, i.e., sub- 
solidus. 

If the build-up of stress (due to severe conditions 
of hindrance to contraction) is rapid during this 
range then the tearing will be severe and may propa- 
gate across the casting section. If, however, the build- 
up of stress is slow (i.e., with mild conditions of 
hindrance to contraction) compared with the increase 
in strength and ductility with falling temperature, 
then the initially formed tear will not become en- 
larged. In particular it has been shown: 

a) Hot tearing is less likely to occur and is less 

severe in castings poured with low temperatures. 

b) High casting temperatures do not accentuate 
the tears in castings held by compacts bonded 
with clays. 

c) An increase in the casting temperature with 
castings held by compacts containing linseed oil 
makes the tearing more severe. 

The investigation has shown that the behavior of 

a molding medium under casting conditions cannot 
be assessed by its properties at room temperatures, 
e.g., sand compacts having high compressive strengths 
at room temperatures may offer less resistance to the 
contraction of the casting than compacts having low 
compressive strengths. 


Fig. 34—Section of 

casting poured at 

1525 C (2777 F) 

and restrained by 

test block containing 
5 pct bentonite. 





Fig. 35—Section of 
casting poured at 
1575 C (2867 F) 
and restrained by 
test block contain- 
ing 5 pct bentonite. 





Fig. 36—Section of 

casting poured at 

1625 C (2957 F) 

and restrained by 

test block containing 
5 pct bentonite. 


Fig. 37—Section of 
casting poured at 
1575 C (2867 F) 
and restrained by 
test block containing 
20 pet silica flour. 


Fig. 38—Section of 
casting poured at 
1625 C (2957 F) 
and restrained by 
test block containing 
20 pct silica flour. 





As the molding material in contact with the cast- 
ing is heated rapidly to a high temperature [above 
1350 C (2462 F)], it follows that it is the strength 
properties of molding media at these high tempera- 
tures which largely control its ability to resist the 
contraction of the casting. With larger castings the 
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temperatures would be higher and would progress 
furtner into the sand. 

The investigation has verified that certain mold- 
ing media are capable of resisting the contraction of 
the casting to such an extent as to cause tearing of 
the metal, and that variations in the molding media 
such as density, type and percentage of bond, etc., 
affect the resistance to casting contraction, and there- 
fore the incidence of tearing. In particular it has 
been found: 

a) For similar densities dry sands resist the con- 

traction of the casting more than green sands. 

b) As the density of green- or dry-sand compacts 
increases, so does its resistance to the contraction 
of the casting become greater, with a correspond- 
ing increase in the likelihood of tearing. 

c) The coarser the sand in the compact the greater 
is the compact’s hindrance to the contraction of 
the casting, 

d) Castings restrained by compacts bonded with 
clays (with the exception of fireclay) contained 
only small tears. 

e) In the range of clay binders tested, the greatest 
hindrance to the contraction of the casting was 
offered by mixes containing fireclay, and benton- 
ite plus 20 pct silica flour. 

f) Compacts containing 2 to 3 pct bentonite offer 
higher resistance to casting contraction than 
compacts with 1.5 pct and from 4 to 10.0 pct 
bentonite. 

g) The most severe tearing encountered was in 
castings held by compacts containing organic 
binders. 

h) A reduction in the amount of linseed oil in 
the compact renders it more collapsible and re- 
duces the extent of tearing. 

Very little difference was found with regard to the 
extent of tearing in castings held by blocks bonded 
with the various clays, the most severe cases of tear- 
ing being associated with castings restricted by sands 
bonded with organic materials, i.e., linseed oil and 
phenol resins. It would then appear with castings of 
the size employed, that the amount of heat available 
is insufficient to burn away the organic bond quickly 
and cause rapid collapse of the core. 

The addition of extra heat to the casting by in- 
creasing the casting temperature did not affect the 
time of collapse of these cores and reduce the extent 
of tearing. 

Further work, usiag a similar testing procedure but 
employing a much larger casting, is in hand. 
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DISCUSSION 

Chairman: C. B. Jenni, General Steel Castings Co., Eddystone, 
Pa. 

Co-Chairman: J. R. Goxupsmiru, Crane Co., Chicago. 

Recorder: W. R. Punko, Wehr Steel Co., Milwaukee. 

W. S. PELLINI (Written Discussion):' The author is to be 
congratulated for an outstanding investigation of very great 
importance to the problem of hot tearing. The value of a 
scientific approach to complex foundry problems is: demon- 
strated most clearly by the results of these studies. 

It is of interest to note that the research findings of the 
British Steel Castings Research Association as presented in the 
subject paper and those of the Naval Research Laboratory pre- 
sented previously’? are approaching close agreement. There 
remain certain minor differences in our views which may be 
more apparent than real and which may in final analysis be 
resolved to matters of terminology and relative cmphasis. It is 
the purpose of this discussion to analyze the significance of Mr. 
Midaleton’s data in terms of the Naval Research Laboratory 
concepts of the mechanism of hot tearing, i.e., to express the 
findings in somewhat different terms. It is my Own impression 
that the differences of views concerning the basic mechanism of 
hot tearing are now approaching the point of drawing fine 
distinctions and do not include major disagreements. 

Item one is without question that of the temperature range 
of hot tearing. Here we have the first fine distinction; Middle- 
ton quotes the Naval Research Laboratory conclusion as “that 
tearing can be initiated while liquid metal is present.” In our 
view, hot tearing is possible only if liquid films are present. 
lt should be noted that the concept of liquid films does not 
define a single temperature but a range of temperatures in 
what we have elected to call the “film stage.” In reference (2) 
it is stated, “film stage is not a fixed and specific condition but 
a condition which covers a range of film thicknesses. As the 
metal first falls to a temperature which may be described as 
within the film stage the films are relatively thick and con- 
tinucus—as the metal approaches complete solidity the thick- 
ness and continuity of the films decreases in reguiar fashion.” 
It is also recognized that low melting segregates such as sul- 
phides maintain the liquid film condition to temperatures be- 
low the true solidus of the metal—accordingly hot tearing may 
occur at moderately sub-solidus temperatures for such condi- 
tions, and only for such conditions. 





Fitm STAGE CONCEPT OF Basic IMPORTANCE 


The film stage concept is of basic importance for once 
adopted it necessarily follows that: 

1. The stress level associated with hot tearing must be of very 
low order. In fact the only stress which can be visualized for 
solid particles separated by liquid films is that which results 
from interlocking of the dendrite arms. If such interlocking 
did not occur the stress level would indeed be “zero.” 

2. A sharp increase in strength and ductility should be de- 
veloped at the point that the liquid films disappear and the 
metal becomes completely solid. 

3. Strain (extension) of the hot spot is entirely concentrated 
to the liquid film regions. 

The findings that hot tearing is a film stage problem forces 
a revision of the classical foundry thinking of the problem 
based on the erroneous concept that solid hot metal of low 
strength and ductility was ruptured due to high restraint 
stresses caused by the sand. Such thinking placed inordinate 
importance on metal variables and was responsible for much 
misdirected effort in the approach to hot tearing problems. 

The author concludes that film stage rupture is responsible 
for hot tearing, however, the data which are presented for 
surface temperatures would, if correct, contradict his conclusion. 
The use of a U-tube arrangement provides data which are 
obviously reliable for the temperature at the center of the bar. 
However, it is believed that the near surface temperatures ob- 


* Head, Metal Processing Branch, Metallurgy Div., Naval Research Lab- 
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tained by the use of thermocouples which “are so arranged as 
to protrude slightly into the mold cavity” are in serious error 
due to conduction losses. Figure 4 presents data indicating that 
at the time of tearing the center temperature was 2710 F (32 F 
above solidus) and the surface 2608 F (70 F below solidus), a 
total difference of 112 F. This difference, 224 F, in gradient is 
not possible for steel solidifying in a sand mold because of the 
high conductivity of the steel compared to sand. Thermal 
analysis of the solidification of rods and plates of this thickness 
using U tubes at near surface positions indicates gradients of 
10-20 F. This fact is cited inasmuch as acceptance of the 112 F 
gradient would indicate complete tearing of the bar at tem- 
peratures such that essentially 75 per cent of the thickness is 
completely solidified. This conclusion is evidently not meant, 
even by implication, in view of the later statements that hot 
tearing is considered possible only if liquid is present. The 
conclusion that tearing required a stress of 55 Ib and occurred 
at 55 sec is questioned in view of the fact that the holding of 
appreciable loads after 55 sec (the falling part of the load- 
time curve) indicates that rupture evidently was not complete 
(the corner edge regions appear to have held as shown by Fig. 
5). It is probable that the hot tearing of the surface regions 
occurred somewhat earlier and the continued rise in load is due 
to holding of the edge regions at the corners. 

Another point of possible differences of interpretation per- 
tains to the arbitrary times of 55, 75, and 105 sec taken to deter- 
mine load. Figure 2 demonstrates that the solidus is reached at 
the center in approximately 80 sec. This would indicate that 
a completely solid skin should be developed at the surface at 
somewhat earlier times. The “pull tests” of reference (2) and 
(3) indicated that a rapid rise in strength was developed when 
approximately the first 14 in. of the surface of a 3-in. diam 
bar became completely solid. This occurred at approximately 
0.6 time of complete solidification at the center. A number of 
the load-time curves presented by Middleton show a significant 
rise in strength at approximately 40-50 sec which is agreement 
with this view. In any event, it appears that the loads devel- 
oped at times later than 80 sec (center solid) are not significant 
to hot tearing of this bar and merely indicate sand restraint 
values at times such that the possibility of hot tearing of this 
bar no longer exists. It is believed that 40-50 sec should be 
taken as the significant final time of hot tearing on a basis of 
surface skin formation. If Fig. 20 is considered on this basis 
only the 55-sec load curve is of significance to hot tearing of 
the subject bar. It is of interest that with one exception the 
loads do not exceed 10 psi and for the most part are of the 
order of 5 psi. These data should be considered most carefully 
by all who have been steeped in the foundry tradition of 
“high stresses’”’ connected with hot tearing and who have 
considered hot tearing as strictly a stress problem. 


ANALOGY OF MECHANICS OF Hot TEARING 


In the simplest analogy, the mechanics of hot tearing may 
be compared to a chain anchored at its two ends in sand; 
assume the chain links are hot and cooling and that one of the 
links is composed of solid metal blocks separated by liquid 
films. The stress developed in the system as the result of the 
shrinkage of the links will obviously be controlled entirely by 
the resistance to strain of the “liquid film” link. The stress 
level will’ remain of zero value until the liquid film regions 
(assumed to be gradually becoming thinner) develop bridging 
or solid metal contact points—a measurable stress will, then be 
developed in the system and the sand will be called on to 
“react” that is to furnish the opposing force. 

If the strain rate (determined by the number of cooling 
links and speed of cooling) is sufficiently high, hot tearing wil! 
occur prior to the time that a measurable stress is developed in 
the system. If the strain rate is low the semi-solid link will be 
permitted to develop solid contact points (bridging of den- 
drites) and a small stress will develop in the system which may 
be measured in terms of a few psi. The sand restraint action 
may become effective only at this time for any yielding devel- 
oped by the sand represents yielding (strain) which the semi- 
solid link will not have to endure. However, the go-no go 
stress conditions which determine whether hot tearing occurs 
represent differences in the restraint action of the sand entail- 
ing variations which are probably less than 10 psi. Whether 
“essentially zero” psi or a few psi stress is required to develop 
hot tearing is entirely controlled by the strain rate imposed on 
the hot spot. Hence, whether differences of sand restraint prop- 
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erties play a significant part is determined by the geometry 
of the casting insofar as the hot spot and solid regions are 
affected thereby. 

The above considerations naturally lead to a generalization 
of the mechanism of hot tearing in terms of strain as the de- 
ciding factor rather than stress. Thus, it is considered that 
the resistance to tearing of the film stage metal.is near zero at 
temperatures such that the films are relatively thick and con- 
tinuous. However, tearing will occur only if the strain rate 
(in./in./sec) imposed on the hot spot is very high. The neces- 
sary conditions are (1) very narrow hot spot (2) long region 
undergoing rapid contraction. Since the metal is not capable 
of developing appreciable resistance to the imposed strain, at 
the time when the films are thick and continuous, the stress 
developed in the system can never be of high order irrespective 
of the properties of the sand. 

STRAIN RATES 

At temperatures (near solidus) such that the film stage is 
approaching disappearance the films become very thin and the 
interlocking of dendrites becomes more pronounced. The metal 
will then have an apparent strength of small but measurable 
magnitude. Strain rates of moderate and low order should be 
sufficient to cause rupture since the amount of movement which 
is possible when the films are very thin must be very small. 
Strain rates of low order do not cause hot tearing at the higher 
temperature of thicker films because of the greater amount of 
metal movement (strain) which is permissible without tearing. 
Sand properties become significant for conditions of low strain 
rates (which require neat solidus temperatures for tearing) 
inasmuch as the small loads which the metal can support at 
near solidus temperatures must necessarily be resisted by the 
sand. If the sand collapses readily the strain does not build up 
to higher levels in the metal (partially “taken up” by the sand) 
and tearing does not occur. However, if the sand is relatively 
rigid the metal continues to strain with resulting rupture when 
the strain limit for tearing is reached. 

It should be noted that a soft sand may be highly effective 
in forcing continued straining of the hot spot if a wide bear- 
ing surface of metal is provided. This effect may be visualized 
by considering the resistance or “give” of snow to the load of a 
person wearing ordinary shoes as compared to snow shoes. If 
the casting design is such as to provide a broad bearing on the 
sand surface which restricts metal contraction it will be ex- 
tremely difficult to provide sufficient collapsibility to prevent 
the development of minor loads such as the 5-10 psi demon 
strated in this paper, Fig. 20 at 55 sec time. 

For a casting design such that the bearing surface is rela- 
tively small the relative collapsibility features of the sand be- 
come more important in determining the development of tear- 
ing. These considerations explain the experience of steel 
foundrymen that certain castings will develop tears even with 
extreme precautions entailing relieving blocks, coke backing, 
soft cores, etc. The reaction of soft snow to a broad loading 
surface provides a parallel. 

It is predicted that a change in the design of the equipment 
used by Middleton such that the runner face is made smaller 
should show greater effects due to sand variables; conversely, 
enlarging of the runner face should show less effects. 

When the metal develops complete solidity a discontinuous 
strength change occurs which is very marked since it repre- 
sents a sudden change from an apparent strength due to inter- 
locking of dendrites to a true strength of hot solid metal. The 
change involves raising the resistance to strain by the metal 
from barely measurable loads to approximately 2000 psi2 This 
change is essentially instantaneous, if plotted in terms of tem- 
perature versus load carrying capacity the initial change during 
film stage entails a gradual rise from essentially “zero” to 
barely measurable stresses, then an abrupt rise to approxi- 
mately 2000 psi (creep strength) at the solidus temperature. 
Tearing is no longer possible after the metal becomes solid 
and the load measured by a spring arrangement such as used 
by Middleton merely indicates the resistance of the sand test 
block to “indentation” by the bearing face of the runner and 
not metal strength at sub-solidus temperatures. 


STRAIN THEORY 


The “Strain Theory” concept has been misunderstood by 
some to signify that stress is never required to develop “hot 
tearing.” This is not the case for the “Theory” clearly postu- 
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lates the conditions under which “stress” in the classical foundry 
sense of resistance by the sand, is a go-no go factor which tips 
the scale in favor of tearing and cases for which “stresses” 
associated with hot tearing are so minute as to preclude worth- 
while consideration. 

“Stresses” associated with hot tearing have been considered 
of very great magnitude—the N.R.L. work and the excellent 
confirmation obtained by Middleton of the very low levels of 
“stresses” associated with hot tearing should serve to realign 
much erroneous thinking which has prevented correct analysis 
of many practical hot tearing problems in the foundry. 

“Strain” thinking a$ contrasted to “stress” thinking is a new 
manner of visualizing hot tearing problems which provides 
for a consideration of all of the mechanical conditions within 
the metal and mold which lead to hot tearing. “Strain” think- 
ing does not eliminate consideration of stresses, it merely sets 
such considerations in their proper place and value. Stress pro- 
vides no basis of thinking through problems associated with 
the relative lengths of the hot spot and of the contracting re- 
gions, relative rates of cooling of the hot spot and cold regions, 
etc. For example, thinking in terms of strains rather than in 
terms of minuscule stresses ranging from 5 to 10 psi explains 
such oddities as the hot tearing at higher temperatures and 
lower stresses observed by Middleton and Protheroe* when a 
stiff spring replaced a softer one. The use of a stiff spring in 
the equipment used in reference (3) may be considered equal 
to using a more rigid sand which according to the usual think- 
ing related to stress should result in higher stresses conducive 
to tearing. However, the higher stresses of the stiff spring 
system never developed because of the stiff spring did not 
absorb very much of the contraction of the cold part of the 
test bar, accordingly the hot spot had to strain (stretch) a 
greater amount and at a more rapid rate. This was sufficient 
to cause tearing at a time that the films were relatively thick 
(higher temperature) and capable of movement (without 
tearing) of an order which the soft spring did not “request” 
the metal to exceed. 

The difficulties and pitfalls associated with thinking in 
terms of stress are demonstrated by the tests concerned with 
pouring temperature as a variable, Fig. 30. The casting poured 
with the lowest pouring temperature developed the highest 
stress (at the arbitrary 55 to 75 min used for reference), hence, 
according to stress logic should. develop largest tears, which 
was not the case. In fact the casting poured at the highest 
temperature which only developed approximately 15 psi stress 
(compared to approximately 80 psi for the one at the lowest 
temperature) developed the most severe tears. At this point 
Middleton rightly gives up on stress, concludes that the spe- 
cific sand used is of slow collapsibility (hence not temperature 
sensitive) and states, “The extent of tearing in the casting 
will, therefore, depend upon the relative amounts of compara- 
tively strong (cool) steel and comparatively weak (hot) steel.” 
This statement is agreed with most heartily for it represents a 
restatement of one of the principal elements of the strain 
theory. The following is quoted from reference (2) “Strain 
Theory of Hot Tearing.” 


GENERALIZATIONS ON Hot TEARING 


“The various observations of the interrelated effects of metal 
and mechanical variables lead to a generalization of the hot 
tearing problem to the following principal elements: 

1. The time-rate of extension of the hot zone during its film 
stage is the primary mechanical factor which determines hot 
tearing. Inasmuch as the film condition stage lasts for only a 
relatively short fraction of the total solidification time, hot 
tearing will occur only if a sufficient rate of extension is forced 
on the film regions during this short time. 

2. The rate of extension forced into the film regions is re- 
lated to: (a) the overall extent of the hot zone, (b) the 
amount of mold restraint, and (c) the length and rapidity 
with which the adjoining sections cool relative to the hot zone.” 
The portions which are italicized are evidently of the same 
meaning as Middleton’s conclusion. Item 2b is considered 
fixed in this case by the assumption of slow collapsibility. It 
appears that our viewpoints here are very close indeed even if 
stated in different terms. 
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AUTHOR’S REPLY TO MR. PELLINI 


Mr. MIDDLETON (Reply to Mr, Pellini): Mr. Pellini’s remarks 
are greatly appreciated, and I would like to thank him for his 
major contribution to the discussion. From this it is clear that 
there are several minor differences in our interpretations of the 
results presented in the paper. 

1. Method of Measuring the Temperature of Tearing—Mr. 
Pellini criticizes the use of bare thermocouples for measuring 
the skin temperature of the casting during the time of tearing, 
suggesting that the use of this type of couple will lead to serious 
errors and record lower temperatures due to conduction losses. 
Mr. Pellini’s fears on this score are definitely not borne out in 
practice. This all-important aspect of measuring skin or inter- 
face temperatures has received detailed study as shown by the 
work of Atterton and Houseman' and by that of the writer.’ 
This has shown that the bare intermediate type of couple when 
properly employed is as accurate as the conventional sheathed 
type as used by Pellini. Any inaccuracies due to conduction are 
small owing to the small diameter of the wires, (e.g. 0.5 mm) 
and contamination is not a serious problem. The accuracy of 
the bare type of couple as against the sheathed is evidenced by 
the curves d and c, Fig. 2, of the paper. Curve d is recorded 
with the sheathed type and curve c, with the bare couple. It 
can be seen that the maximum interface temperatures recorded 
by the two couples are very similar. 

2. Temperature of Tearing—While we both agree that tear- 
ing is initiated during the later stages of solidification when a 
small amount of liquid remains, Mr. Pellini is of the opinion 
that the temperature of tearing stated in the paper is too low, 
as it is below that of the solidus of the steel. It is evident from 
his published work* that Mr. Pellini takes his solidus tempera- 
tures from the iron-carbon diagram as determined unde 
equilibrium conditions and bases his “film stages” on these 
temperatures. The writer, however, contends that these tem- 
peratures are not applicable in practice, for the following 
reasons:— 

(a) Even under ideal conditions, i.e. equilibrium conditions 
of very slow cooling and of agitation, the accurate determina- 
tion of solidus temperatures is extremely difficult. This is well 
evidenced. by the disagreement between various investigators 
regarding the solidus temperatures of pure iron-carbon alloys.‘ 
Under conditions of non-equilibrium, however, as would be 
encountered in practice with small castings, it is practically 
impossible to determine the solidus temperatures of steel.® 

(b) The attainment of equilibrium in an alloy at any given 
temperature is dependent upon time, and at normal rates of 
solidification, few alloys, if any, approach this condition. There- 
fore, the degree to which an alloy departs from equilibrium is a 
function of the rate of cooling from the liquid state. With 
rapid rates of cooling, as would be encountered in practice with 
small castings, the steel undergoes considerable under-cooling, 
and hence solidus temperatures are much lower than those that 
would theoretically be obtained under equilibrium conditions. 

(c) The steels under consideration also undergo a peritectic 
reaction during their solidificaton. This type of reaction is 
particularly susceptible to under-cooling, the velocity of the 
reaction being limited by the solution and redeposition of a 
solid phase and by the velocity of diffusion in the solid state. 
Both these reactions are slow in comparison with that of crys- 
tallization and extremely slow cooling is essential if the re- 
action is to proceed to completion, i.e. equilibrium. It is 
therefore possible with small castings which cool at a rapid 
rate, that the composition of the peritectic liquid (0.55 per cent 
C) is not materially altered, and hence will have a solidifica- 
tion temperature well below that of the base steel. 


(d) A relatively small amount of sulphur and phosphorus 
also cause liquid films to persist to temperatures below the 
“true” solidus of the steel. The presence of such films means 
that the solidus of the steel is depressed still further and tearing 
can occur at temperatures well below those taken from the iron- 
carbon diagram, and not at the moderately sub-solidus ,tem- 
peratures suggested by Pellini. 

Finally let it be noted that while Mr. Pellini criticizes the 
writer's recorded tearing temperatures as being too low, his own 
indications are similar as is shown in the following table. 
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‘TEMPERATURES OF TEARING (SKIN) 





Carbon, % Pellini and Others* Middleton 
0.25 2595 F 
0.28 2645 F 2608 F 
0.31 2595 F 





3. Time after Pouring at which Tearing occurs—The writer 
maintains, as stated in his paper, that the manner of assessing 
the actual time of tearing, i.e. by the release of tension on the 
spring is both valid and accurate. Previous unpublished work 
on a similar casting, in which the tension of the spring was 
released at different time intervals before that at which tear- 
ing occurred gave the following results:— 


lime after Pouring Load Results 
a) 35 sec 25 Ib (Load released) No tear. 
b) 50sec 52 Ib (Load released) No tear. 
c) 60 sec 68 lb (Tearing shown Severely 


by release of spring.) torn. 

The steel was poured at 1600 C, (2912 F) and had the follow- 
ing composition:—C, .21%; Mn, .8%; Si, .35%; S and P, .035%. 

From theoretical consideration of the thermal equilibrium 
diagram of the iron-carbon system it might be deduced by Mr. 
Pellini that all tearing should take place in the writer’s casting 
within 55 sec after pouring. It was however established by 
experiment that, for the test casting employed, tearing was not 
initiated in less than 55 sec and that the theoretical solidifica- 
tion temperature at the position of tearing was not reached until 
80 sec after pouring. As was discussed previously the film stage 
during which tearing occurs is protracted both of undercooling 
and by film forming elements and hence final solidification and 
tearing may occur at times later than the theoretical (80 sec). 
To cover the extreme hot tearing range of the casting investi- 
gated the time limits of 55 and 105 sec were therefore selected. 

4. Degree of Stress to cause Tearing—While it is agreed that 
stress as low as 5-10 psi can cause tearing, the tears so caused 
have been shown after deep etching to be small and of the 
order of a few millimeters. To obtain extensive tearing in the 
particular casting investigated, stresses of between 30-60 psi 
are necessary. It may be that with different designs and dimen- 
sions of casting the stresses to cause extensive tearing will also 
be different. 

A tendency to tearing in steel extends from the time the den- 
drites interlock and form a coherent network, down to the time 
at which the last traces of liquid freeze and the alloy assumes 
ductility. The strength of the alloy during this stage will be 
dependent upon the amount of contact between the dendrites. 
The nearer to the solidus, the greater will be the amount of 
contact between the dendrites, and therefore the stronger will be 
the alloy. For a given casting, the stress required to cause tear- 
ing is not constant, but depends upon the hindrance to con- 
traction operating. As shown previously,® the more severe the 
conditions of hindrance to contraction, the higher the tearing 
temperature and the lower the stress necessary to cause tearing; 
i.e., tearing occurs when the dendrite arms have made little 
contact. With moderate degrees of hindrance to contraction, 
stress development is slower compared with gain in strength of 
the alloy and tearing, if occurring under these conditions, will 
take place at lower temperatures (when the dendrite arms have 
made more contacts) and with higher stresses. 
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Mr. Pellini’s statement regarding an instantaneous increase in 
stress resistance of a casting from a “barely measurable’”’ stress 
to 2000 psi does not seem to be in accord with his work.* The 
sudden increase im strength with falling temperature occurred 
in fact when the casting was already capable of withstanding 
stresses of between 200 to 400 psi. Stresses of this order are far 
from being “barely measurable” and could be looked upon as 
being moderately high. The particular instance quoted by Mr. 
Pellini therefore does not in the writers view give support to 
the suggestion that tearing may occur with zero stresses. How- 
ever, it is felt that according to the design and size of casting, 
conditions of pouring and degree of hindrance to contraction 
operating, tearing may take place at stresses in the order of a 
few psi, or to quote Mr. Pellini, “with minuscule stresses.” 

5. Effect of Strain Rate on the Incidence of Tearing—I am in 
agreement with Mr. Pellini that the strain rate is all-important, 
as it is this which largely controls the amount of stress induced 
in a hot spot at any given time after casting. Mr. Pellini refers 
to high and low strain rates, but gives no indication of what 
order of strain rate will induce tearing in the casting. This, of 
course, must depend upon the temperature conditions existing 
in the casting, but it is possible that it may be of a similar low 
order to the stress. 

This is substantiated by calculations made from the data 
given in this paper, e.g. a casting tearing 55 sec after pouring 
with a stress of 55 psi was contracting at a rate of .000009 in. 
per in. per sec. 

The strain theory is not new and has of course been used 
by many investigators in the past, though expressed in differ- 
ing terms, to account for the effect of such variables as casting 
temperature, casting design, different degrees of hindrance to 
contraction, etc. on the incidence of hot tearing. The experi- 
mental results presented in this paper indicate the stresses 
necessary to cause tearing in the casting investigated under the 
conditions of testing as described. It is apparent that variations 
in testing procedure must influence the results, e.g. changing 
the pouring temperature must have its effects on the tempera- 
ture gradients present in the casting and the mould, and will 
therefore aiter the amount of stress required to cause tearing. 

Stating the results presented, in terms of strain rather than 
stress would lead to precisely the same conclusions as those 
already drawn in the paper. 
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CASTING MAGNESIUM ALLOYS IN SHELL MOLDS 


By 


Nicholas Sheptak* 


ABSTRACT 


Magnesium castings were successfully produced in shell molds 
when inhibitors were used as addition agents or as mold washes. 
Ammonium borofluoride (14 to 1 per cent) as an addition agent 
and boric acid and Dow No. 181 agent as mold washes were the 
most satisfactory inhibitors. 

Tests were developed for evaluating sand-resin mixes, with 
the hot cure test and transverse strength test considered essential. 

Shell core mixes with good breakdown properties were devel- 
oped with phenol formaldehyde-phenol furfural and phenol 
formaldehyde-urea formaldehyde resin combinations. 

The cooling rate and average grain size of magnesium alloys 
cast in shell molds were varied by the pouring temperature and 
the use or omission of a backing agent. 


Introduction and Literature Survey 


Since the early part of 1947 when the shell mold- 
ing process was made public,’ great strides have been 
made in developing the process, especially in the iron 
and steel foundry industry. The emphasis has been 
on iron and steel rather than the light alloys for sev- 
eral reasons. First, other processes exist for casting 
light alloys to close tolerances. Second, the high 
strength and high thermal decomposition tempera- 
ture of phenol formaldehyde resins make them more 
suitable for the higher melting point alloys. 

Shell casting magnesium presented problems not 
common in shell casting ferrous alloys. In studying 
these problems, tests were developed for evaluating 
sand-resin mixes, the effectiveness of inhibitors was 
investigated, shell-core mixes were evaluated for ease 
of breakdown, and cooling rates of shell-cast metal 
were studied. Finally, the principles were applied 
to a small production casting. 

Although there has been only brief reference to 
shell molding magnesium in the literature, it might 
be worthwhile to review some of the existing articles 
on the technology of shell molding. 

The current status of shell molding was reported 
by Tindula,? including a bibliography of 33 refer- 
ences plus 3 references on other processes. Articles 
by Ames, Donner, and Kahn?*-+.5 described the metal- 
lurgy and development work on the shell molding 
process. Sokolosky® described some recommended gat- 


* Metallurgical Laboratories, The Dow Chemical Co., Mid- 
land, Mich. 


ing systems for shell molds. The application of shell 
molding has been reported by Bello,’ Stone,’ Derby,’ 
and Calder.!® 

Some of the work reported in this paper was spon- 
sored by Frankford Arsenal, U.S. Army Ordnance 
Corps. 

Tests and Sand-resin Mixes 

To date, there are no standard tests for evaluating 
sand-resin mixes used for shell molding. The tests 
described in this paper were designed to take into 
consideration the variables of time and temperature 
on the curing characteristics of the sand-resin mixes. 
Hardness, rigidity, transverse strength, and permea- 
bility were measured as functions of cure time at 
constant temperature. Resin concentration was held 
constant at 5 pct. 

a. Hot Cure Test—The hot cure test was designed 
to determine the cure time for the sand-resin mixes, 
using hardness as a function of the degree of curing 
and therefore of the polymerization of the resin. In- 
dentation hardness readings of a 4-in. diam by \4-in. 
thick specimen prepared on a hot plate were taken 
at regular intervals of time at fixed temperatures in 
the range of 400 to 700 F. Hardness readings were 
taken with a core hardness tester using a 14-in, ball 
indenter. Table | lists the compositions of some of 
the mixes tested and the cure times required for 
maximum hardness. 

The effect of curing temperature on cure hardness 
as a function of time for a 5 per cent phenol formal- 
dehyde-bonded mix is illustrated in Fig. 1. At 400 F, 
a maximum hardness of 98 was reached after 170 
sec, while at 700 F, it was reached after only 60 sec. 
Higher temperatures would yield still shorter cure 
times, which would be desirable in a mass-production 
operation, but at the higher temperatures, shell mak- 
ing is made more difficult by the breakdown of the 
silicone release agents used. 

To check the effect of varying sand grain size on 
the cure rate, three mixes were prepared with 5 pct 
of 50 pct phenol furfural—50 pct phenol formalde- 
hyde resin and silica sands of A.F.S. grain fineness 
Nos. 62, 90, and 114. Initially, the mix containing 
the finest sand cured faster, due to the increased sur- 
face area, but all of the three mixes reached the 
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same maximum hardness at the same cure time. 

Varying the sand component had little effect on 
the cure rate. Mixes were prepared with silica sand, 
zircon sand, and 50 pct silica sand—50 pct zircon 
sand. The zircon sand mix cured faster initially, but 
the same maximum hardness was obtained at the 
same cure time for all three mixes. 

From the aforementioned results it can be con- 
cluded that the nature of the bonding agent is the 
sole determinant of cure rate at a constant tempera- 
ture and resin concentration. 

b. Transverse Strength Test — The transverse 
strength was chosen in preference to the tensile 
strength to determine the bonding characteristics of 
the various sand-resin mixes. It was felt that the 
transverse strength test would more nearly describe 
the forces to which the shell molds would be sub- 
jected in stripping and handling. Specimens 8 in. x 
| in. X ™% in, were made on the hot plate, using 
fixed temperatures in the range of 400-600 F and 
cure times determined by the hot cure test. They 
were tested on a beam tester using 6-in. centers and 
center point loading. 

In general, the transverse strength depended on the 
resin formulation, length of cure, temperature of cure, 
and sand grain fineness. At 400 and 500 F, maximum 
strength was obtained at a cure time greater than 
that required to obtain maximum hardness. This is 
illustrated in Table 2 which summarizes the data for 
a 5 pct phenol formaldehyde-bonded mix. At 600 F, 
maximum transverse strength coincided with the cure 
time required to obtain maximum hardness. 

At a resin concentration of 5 pct of 50 pct phenol 
furfural—50 pct phenol formaldehyde, a_ greater 
transverse strength was obtained with sand of A.F.S. 
grain fineness No. 114 than with sands of fineness 
Nos. 62 or 90. At 400 F, these values were 12.1 psi 
for the No. 114 sand, 11.3 psi for the No. 90 sand, and 
10.2 psi for the No, 62 sand. 
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Phenol formaldehyde-bonded shells had a trans- 
verse strength of 15.1 psi while 50 pct phenol furfural 
—50 pct phenol formaldehyde-bonded shells had a 
strength of 11.0°psi. Shells bonded with 40 pct phenol 
formaldehyde and 60 pct urea formaldehyde had a 
transverse strength of only 4.3 psi. 

c. Permeability Test—The permeability test was 
made according to the A.F.S. test for standard per- 
meability, using a specimen 2 in, in. diameter by 4 
in. thick prepared on a hot plate. Table 3 summar- 
izes the data for a 5 pct phenol formaldehyde-bonded 
mix cured at 400, 500, and 600 F. It can be readily 
seen that the permeability exceeded the normal mag- 
nesium molding sand permeability of 80 to 100. This 
proven high permeability of shell molds made it un- 
necessary to continue the permeability test as a con- 
trol test. 

d. Hot Rigidity Test—This test was designed to de- 
termine the cure time required to produce a rigid 
shell. Specimens 8 in. & | in. & 4 in. were prepared 
as for the transverse strength test. After a given cure 
time at a fixed temperature, the specimen was moved 
to the edge of the hot plate and 4 in. extended at a 
normal to the edge of the plate. The angle of slump 
or depression was read within 30 sec. 

The data for a 5 pct phenol formaldehyde-bonded 
mix listed in Table 4 indicate that zero slump, or a 
rigid shell, was obtained at the same cure time as re- 
quired to obtain maximum hardness in the hot cure 
test. Since this correlation between the two tests ex- 
isted, the hot rigidity test was discontinued. 

Inhibitor Evaluation 

The reactivity of magnesium alloys in the molten 
state with oxygen, water, and silica sand prompted a 
study of the inhibitor requirements of shell molds. 
In normal magnesium green sand foundry practice, 
boric acid, sulphur, glycol, and various fluorine com- 
pounds are used as sand agents to inhibit these reac- 


Tas_e 1—Hor Cure AND TRANSVERSE STRENGTH RESULTS OF VARIOUS SAND-RESIN MIXEs 











A.F.S. Cure Time, Sec Trans- 
Sand at °F verse* 
Sand Fine- Strength, 
Mix No. Resin—5% Sand—95% __—iness No. 400 450 500 600 psi Remarks 
Type A : 
* Phenol Formaldehyde Silica 114 240 150 120 90 15.1 14% NH BF, Added 
50% Phenol Form.— 
2. 50% Phenol Furfural Silica 114 300 180 120 90 11.0 14% NH4gBF, Added 
40%, Phenol Form.— 
8. 60%, Urea Formaldehyde Silica 114 480 270 180 120 4.3 14% NHgBFs Added 
50% Phenol Form.— 
4. 50% Phenol Furfural Silica 62 300 — 120 90 10.2 
50% Phenol Form.— 
5. 50% Phenol Furfural Silica 114 300 — 120 90 12.1 
50% Phenol Form.— 
6. 50% Phenol Furfural Silica 90 300 _ 120 90 11.3 
50% Phenol Form.— 50% Silica 114 
7. 50% Phenol Furfural 50% Zircon 129 300 = —_ — 14.4 y% NH4BF, Added 
504% Phenol Form.— 
8. 50% Phenol Furfural Zircon 129 300 — _— — 20.2 14% NH4gBF, Added 
25% Phenol Form.— 
9. 75% Phenol Furfural Silica 114 210 — — 9.0 
25% Phenol Form.— 
10. 75% Phenol Furfural Silica 114 210 — — 8.1 1% NH4BF, Added 
Type B 
ll. Phenol Formaldehyde Silica 90 _ 110 75 25.0 


* Transverse strength specimens made at 400 F and tested at room temperature. 
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CURE TIME (MINUTES) 
Fig. 1—Cure rate of Mix No. 11. 


tions. In addition, the mold cavity is sometimes 
flushed with sulphur dioxide gas prior to pouring. 

a. Procedure—The sand-resin mixes were prepared 
in a laboratory muller, using kerosene as a wetting 
agent. The mixes were placed in a dump box and 
shell molds made, using the magnesium pattern plates 
illustrated in Figs. 2 and 3. The pattern in Fig. 2 
was designed with a heavy section, a 2-in. cube, and 
a thin-walled section. The pattern in Fig. 3 was de- 
signed to produce a casting with a heavy section, or, 
with a shell core, a thin-walled section. Magnesium 
was used as pattern plate material due to its light 
weight, machinability, and availability. The patterns 
were lubricated with silicone grease and silicone emul- 
sions. The shells were made using pattern tempera- 
tures of 400-500 F and contact times of 7 to 20 sec to 
produce a shell buildup of 14 in. to %¢ in. The shells 
were cured in a resistance furnace at 400-600 F for a 
time determined by the hot cure test. 


TABLE 2—-EFFECT OF CURE TIME AND TEMPERATURE 
ON TRANSVERSE STRENGTH OF MIXx No. 11* 








Cure Time, Transverse Strength, psi, for Cure Temperatures of 
Sec 400 F 500 F 600 F 
30 — — 11.8 
60 9.8 20.5 25.5 
90 — — 24.3 
120 15.7 24.1 25.9 
150 — — 25.6 
180 22.7 24.6 25.4 
240 25.2 24.1 25.9 
300 25.2 24.5 25.0 
360 25.3 26.4 22.2 
420 24.6 25.3 = 
480 23.9 24.5 — 
540 24.9 23.5 -- 
600 18.9 — = 


* See Table 1 for composition. 








ON THE PERMEABILITY OF MIx No. I11* 


CASTING MAGNESIUM ALLOYS IN SHELL MOLDs 


TABLE 3—-EFFECT OF CURE TIME AND TEMPERATURE 








Cure Time, Permeability For Cure Temperatures of 
Sec 400 F 500 F 600 F 
30 ~ — 134 
60 — 138 148 
90 ~ — 154 
105 133 _ — 
120 141 138 145 
150 133 _ 141 
180 137 136 139 
210 124 — 153 
240 135 140 151 
270 122 _ “_ 
300 141 141 147 
330 127 — - 
360 128 144 135 
420 132 155 — 
480 131 141 — 
540 152 136 — 


* See Table 1 for composition. 





TABLE 4—EFFECT OF CURE TIME AND TEMPERATURE 
ON RiGipITy oF Mix No. I1* 





Cure Time, Angle of Slump, Degrees, at 
Sec 400 F 500 F 600 F 


35 — 

45 ses 

60 — 

75 — 

90 _ 

100 a“ 
120 2 
1 

0 
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150 
180 
*See Table 1 for composition. 





The cured shells were stripped from the pattern 
plate, sprayed with mold wash if used, assembled 
with clamps, bolts, or masking tape, positioned on 
the pouring floor without backing material, and 
poured with AZ92A alloy (Mg-9Al-2Zn). Castings 
were also made with AM80A (Mg-8AI-0.2Mn), AZ- 
31B (Mg-3Al-1Zn), ZK51XA (Mg-5Zn-1Zr), and EK- 
30XA (Mg-3 rare earth metals-0.25Zr) alloys. 

The AZ92A alloy was melted, chlorinated, super- 
heated to refine the grain, and cooled quickly to the 
pouring temperature. The shell mold castings were 
allowed to cool to room temperature before being 
shaken out. The castings were examined for surface 
smoothness, disculoration, adhering sand, and protec- 
tion from burning. 

b. Discussion—The results of the inhibitor evalua- 
tion are listed in Table 5. Three methods of inhibi- 
tor application were used. Sulphur dioxide gas was 
used to flush the mold cavity prior to pouring. Boric 
acid, Dow No. 181 agent (boric acid plus sulphur), 
potassium borofluoride, magnesium oxide, lampblack, 
molybdenum disulphide, and a rubber compound 
containing boron and fluorine were used as mold 
washes. Inhibitors added to the sand-resin mixes were 
boric acid, Dow No. 181 agent, potassium borofluor- 
ide, ammonium borofluoride, ammonium sulphate, 
and ammonium fluosilicate. 

A flush of the mold cavity with sulphur dioxide 
prevented burning of the 2-in. cubes, but did not 
prevent the metal-sand reaction. No additional pro- 
tection was detected when the sulphur dioxide flush 
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Shell mold size 10 in. x 12 in. 


was used with the other inhibitors. Of the mold 
washes, boric acid, Dow No. 181 agent, and the rub- 
ber compound gave satisfactory results. Ammonium 
borofluoride was the only satisfactory addition agent. 
Its use resulted in a slight discoloration of the sur- 
face, but there was no evidence of burning or the me- 
tal-sand reaction. The other addition agents either 
did not inhibit the metal-sand reaction, or they caused 
a roughening of the casting surface along with pro- 
nounced surface discoloration. 

Boric acid additions to the sand-resin mix had a 
weakening effect on the strength of the shells, so 
that sound shells could not be made. 

Hot cure and transverse strength tests were car- 
ried out to determine the effects of a 1 pct addition 
of ammonium borofluoride on the curing character- 
istics and strength of the sand-resin mix. There was 
no apparent effect on the cure rate of the resin, but 
the transverse strength was reduced 10 pct by a | 
pet addition of the inhibitor. 


Shell Core Breakdown Evaluation 


The reported poor breakdown properties of phenol 
formaldehyde-bonded shell molds and the low heat 
capacity and relatively low pouring temperature of 
magnesium alloys made it necessary to investigate 
sand-resin mixes for breakdown. Resin formulations 


Fig. 2—Test pattern and shell used in inhibitor evaluation. 





TABLE 5—INHIBITOR EVALUATION FOR SHELL MOLDING AZ92A ALLoy 
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and concentrations were varied, and inhibitor addi- 
tions made to achieve better breakdown of the shell 
cores. 

a. Procedure—A simple core blower was designed 
and shell cores were made using the mixes listed in 
Table 6. The shell cores were pasted into the shell 
molds illustrated in Fig. 3 and the mold halves were 
assembled with clamps or tape. The shell molds 
were placed on the pouring floor without backing 
and were poured with AZ92A alloy at 1400 F. The 
castings were allowed to cool to room temperature 
and were shaken out. The breakdown of the shell 
cores was rated qualitatively as indicated in Table 6. 

b. Discussion — Shell cores bonded with 5 pct 
phenol formaldehyde resin had a high retained 
strength and were very difficult to shake out. The 












































Fig. 3—Test pattern used in inhibitor and shell core break- 
down evaluation. Shell mold size 8 in. x 8 in. 


same was true for 5 per cent alkyd type resin mixes 
and 5 pct of 50 pct phenol formaldehyde—50 pct* 
phenol furfural resin mixes. These mixes had break- 
down ratings of 1. A conventional urea formalde- 
hyde-bonded core made solid had a breakdown rating 
of 3. The binder was less than 50 pct burned out 
but the retained strength was low. Sand-resin mixes 
bonded with 3 pct of 50 pct phenol formaldehyde— 
50 pct phenol furfural resin and 3 pct and 5 pct of 
40 pct phenol formaldehyde—60 pct urea formalde- 
hyde resin had breakdown ratings of 3 to 5, with a 
rating of 5 denoting complete burn out of binder. 
Shell cores could not be made with sand-resin mixes 
containing commercially available urea formalde- 
hyde, melamine formaldehyde, and melamine-urea 
formaldehyde resins. 


Metallurgy of Shell Cast Magnesium 


The insulating properties of silica sand shell molds 
have been reported by Ames, Donner, and Kahn.’ 









Casting Evaluation 





Surface Color Surface Smoothness 








Inhibitor Application 
None — 
SO» Flush 
H3BO3 Wash 
Dow No. 181 Agent Wash 
KBF, * Wash 
Rubber Compound Wash 
1% KBF, Addition Agent 





1% NH4BF, Addition Agent 
1% (NH4)oSiFs Addition Agent 
1% (NH 4)gSO4 Addition Agent 
Note: Inhibitor additions were made to mix No, 11. 


Pouring temperature was 1450 F. 












Black Poor 
Black Poor 
Silver Bronze Good 
Silver Bronze Good 
Gray-White Fair 
Blue-Black Good 
Gray-White Fair 
Slight Gray Good 
Bronze Good to Poor 
Black Fair 
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Fig. 4—Cooling rate of AZ92A alloy in green sand molds 
and unbacked shell molds. 


They also reported that shell molds made with zir- 
con sands produced finer grain size in aluminum and 
tin bronze alloys due to the greater rate of heat ex- 
traction over silica sand.. Chamberlin and Mezoff" 
reported that oil-bonded conventional cores made 
with zircon sands and steel shot showed no signifi- 
cant difference in cooling rate, using magnesium al- 
loys, when compared to silica sand cores. These ap- 
parently conflicting data prompted a study of the 
cooling rates and grain sizes of AZ92A alloy cast in 
green sand molds, silica sand shell molds, and zircon 
sand shell molds. 

a. Procedure—The shell molds illustrated in Fig. 
3 were made with silica sand and zircon sand. Both 
mixes were bonded with 5 pct of 50 pct phenol for- 
maldehyde—50 pct phenol furfural resin and con- 
tained 14 pct added ammonium borofluoride as an 
inhibitor. One of the shell mold castings was used 
as a pattern to make green sand molds. Thermo- 
couples were placed in the mold cavities of the green 
sand and shell molds. Metal temperatures were re- 
corded by a high speed recorder. 

Virgin melts of AZ92A alloy were made, chlorin- 
ated, superheated, cooled quickly to either 1450 or 
1550 F, and poured into the molds. All the molds 


CASTING MAGNESIUM ALLOYS IN SHELL MOLDs 


METAL 


TEMPERATURE (°F) 





100 = T T 
~~+LIQUIDUS TEMPERATURE 


| 
| 











——=SOLIDUS TEMPERATURE 





| 
’ SILICA AND ZIRCON 
GREEN SAND SAND SHELL MOLDS 
MOLD | 
ee aa 





POURING TEMP- 1550°F. 
| | L Hy 
200 300 400 
COOLING TIME (SECONDS) 
Fig. 5—Cooling rate of AZ92A alloy in green sand molds 
and backed shell molds. 
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were poured from the same crucible. The castings 
were shaken out and sections | in. & 1 in. & Y% in. 
were cut from the center of the castings for metallo- 
graphic study. 

The shell molds were poured both backed with dry 
heap sand and unbacked. 

b. Discussion—Typical cooling curves obtained in 
this phase of the investigation are illustrated in Figs. 
4, 5, and 6. In Fig. 4, zero time is taken at the liqui- 
dus temperature since all three molds cooled from 
the pouring temperature, 1550 F, to the liquidus, 
1095 F, in approximately the same time. The cool- 
ing rate to the liquidus was too fast to be recorded. 
The green sand casting cooled faster through the 
liquidus to solidus range than the unbacked silica 
sand and zircon sand shell mold castings, which 
cooled at the same rate. Although the cooling rates 
for the silica sand and zircon sand shell mold cast- 
ings were the same, the average grain size of the 
zircon sand shell mold castings was .014 in. compared 
to .020 in. for the silica sand shell mold castings. 
The green sand castings had an average grain size 
of .007 in. When the shell molds were backed with 
dry heap sand and poured at 1550 F, the cooling 
through the liquidus to solidus range was faster than 


TABLE 6—SHELL CorRE BREAKDOWN EVALUATION* 





Z 
° 


Resin Type 


Breakdown 


Inhibitor Additions Ratings** 





Phenol Formaldehyde 


” 


” ” ” 


” ” ” 


40% Phenol Formaldehyde—60% 


Alkyd Type Resin 
25% Phenol Formaldehyde—75% 
a Urea Formaldehyde 
* Pouring Temperature Used—1400 F. 
** Breakdown Ratings: 1. 
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50% Phenol Formaldehyde—50% Phenol Furtural 
Urea Formaldehyde 


Phenol Furfural 


0.5% NHBF, 
0.5% NH4BF, 
0.5% NH4BF, 
0.5% NH,BF, 
0.5% NH,BF, 


Binder less than 50% Burned Out—Retained Strength High. 


2. Binder more than 50% Burned Out—Retained Strength High. 
8. Binder less than 50% Burned Out—Retained Strength Low. 
4. Binder more than 50% Burned Out—Retained Strength Low. 
5. Binder completely burned out—No Retained Strength. 
*** Mix X was a conventional urea-bonded production core sand mix. 
Core was made solid. 
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Fig. 6—Cooling rate of AZ92A alloy in green sand molds 
and unbacked shell molds. 


for unbacked shell molds, indicating that the shell 
molds were saturated with heat before the metal was 
completely solidified. This faster cooling rate re- 
sulted in finer average grain sizes for the backed shell 
mold castings—.014 in. for silica sand shell mold 
castings, and .009 in. for zircon sand shell mold 
castings. 

When the pouring temperature was decreased to 
1450 F, the cooling times through the liquidus to 
solidus range were decreased for the shell molds, and 
the average grain sizes were comparable to the green 
sand castings poured at 1450 F. There was no change 
in average grain size between backed and unbacked 
shells poured at 1450 F, although there was a slight 
difference in the cooling rates. 

These data tend to resolve the apparent conflict be- 
tween the results cited earlier by Chamberlin and 
Mezoff, and Ames, Donner, and Kahn. Chamberlin 
and Mezoff reported cooling rates while Ames, Don- 
ner, and Kahn reported grain sizes. Apparently there 
is some factor other than cooling rate operating to 
produce a finer grain size in the zircon sand shell 
mold castings poured at 1550 F. It may be possible 
that there was an instantaneous difference in the cool- 
ing rates of the metal at the liquidus or in the de- 


[ABLE 7—-EFFECT OF MOLD MATERIALS AND CASTING 
TEMPERATURE ON COOLING RATE AND GRAIN SIZE OF 
AZ92A ALLOY 





Pour- Average 
No. ing Cooling Time, Sec, For Grain 
Mold Material of Temp. Liquidus Liquidus Diameter, 





and Type Tests °F to 500F to Solidus 0.00] in. 

Green Sand 6 1550 360 135 7 
Silica Sand Shell 3 1550 600 315 20 
Zircon Sand Shell 3 1550 600 315 14 
Silica Sand Shell 3 1550 605 220 14 
(Backed with Sand) 

Zircon Sand Shell 3 1550 585 190 y 
(Backed with Sand) 

Green Sand 2 1450 405 150 10 
Silica Sand Shell ] 1450 540 270 8 
Zircon Sand Shell 1 1450 540 250 6 
Silica Sand Shell l 1450 640 230 9 


(Backed with Sand) 
Zircon Sand Shell l 1450 —s — 8 
(Backed with Sand) 
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TABLE 8—-TENSILE PROPERTIES AND GRAIN SIZES OF 
AZ92A-T6 CAstT IN SHELL MOLDs, GREEN SAND MOLbs, 
AND PERMANENT MOLDs* 





Average 
Grain 
No.of %°* Y.S. T.S. Diameter, 
Casting Method Tests E 1000 psi 1000 psi 0.001 in. 
Shell Mold 10 l 25.2 39.2 2 
Green Sand 10 ] 23.6 33.1 4 
Permanent Mold 10 l 22.3 36.7 10 


* Specimens Machined from Castings 
** Per cent elongation in 2 in. 





gree of undercooling caused by the silica and zircon 
sands which was beyond the sensitivity of the high 
speed recorder. 


Application of Shell Molding 


A small production casting which had been made 
in green sand and permanent molds was made in shell 
molds to try to obtain a comparison of the three 
molding methods. 

a. Procedure — Magnesium pattern plates were 
made to produce the shells for the production cast- 
ing. A urea formaldehyde-bonded conventional core 
(Fig. 7) was used with the shell molds to produce 
the casting. The shell molds were made with a 5 per 
cent phenol formaldehyde, 95 pct silica sand of A.F.S. 
grain fineness No, 90, mix to which 14 pct ammonium 
borofluoride was added. The shells were assembled 
with bolts and clamps and backed with dry heap 
sand, then poured with AZ92A alloy at 1450 F. 

Five castings made in shell molds were given a solu- 
tion heat treatment at 770 F for 16 hr and were 
aged at 425 F for 5 hr (T6 condition) with five cast- 
ings each produced in green sand and permanent 
molds. Test bars were cut from each of the cast- 
ings and were radiographed prior to being tested in 
tension. The fractures of the tested bars were ex- 
amined and the bars were then studied metallograph- 
ically. 

b. Discussion—The tensile properties of the cast- 
ings produced by shell molding, green sand molding, 
and permanent molding are listed in Table 8. The 
shell molded castings had a higher ultimate tensile 








Fig. 7—Production casting made in shell mold (left) and 
urea formaldehyde-bonded core (right). 









190 


strength than the green sand castings and the perman- 
ent mold castings. The yield strength for the shell 
mold castings was also higher. The elongation for 
all castings was | pct. The average grain size for the 
shell mold castings was .002 in. compared to .004 in. 
for the green sand and .010 in. for the permanent 
mold castings. 

Radiographs of the bars tested revealed some por- 
osity in the permanent mold bars. 

No conclusions can be drawn from these limited 
data because of the differences in metal treatment 
and gating and risering. 
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DISCUSSION 


Chairman: F. P. SrrieteR, The Dow Chemical Co., Midland, 
Mich. 

Recorder: G. R. Garpner, Aluminum Company of America, 
Cleveland. 

Joun ALLEN: * What practical advantages are there in shell 
mold casting magnesium as compared with present better 
known methods? 

Mr. SHepTaK: The advantages of shell mold casting mag- 
nesium will depend on the design specifications of the part 
being cast, the quantity of castings being made, the extent to 
which the application is to be engineered, and the alloy in 
which it is to be cast. All or some of the benefits of shell mold 
casting of other alloys cited in the literature should apply 
equally to magnesium—smooth surface finishes, close toler- 
ances, better yield of metal, reduction of the amount of sand 
required per mold, the ability to use unskilled or semi-skilled 
labor to make complex molds as easily as simple molds, the 
ability to use mass production techniques, the increased utili- 
zation of floor space, and the ability to store molds. Each part 
being considered for shell molding will have to be compared 
to the part supplied as a die casting, green-sand casting, per- 
manent mold casting, dry sand casting, or plaster casting and 
should show a reduction in cost per piece, or better surface 
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finish, or a more precise casting, or some other advantage 
before the shell molding process is chosen. 

J. W. Meter:* What were the properties of the various 
magnesium alloy types compared to properties obtained by 
other casting processes? 

Mr. SHepTAK: The only property comparison we have made 
was with AZ92A which was reported in this paper. We hope to 
include a study of the properties of various alloys as shell 
mold castings in our future investigations on the process. 

D. L. Cotweti:* In Table 8, were the permanent mold bars 
cut from castings and the others separately cast test bars? 

Mr. SHeprak: All of the test bar properties reported in 
Table 8 were from bars cut from castings. 

W. M. Srnccair:* In your work with phenol formaldehyde 
resins and 50/50 phenol formaldehyde-phenol furfural resins, 
was there any noticeable difference in the breakdown rate of 
the bond? 

Mr. SHeptak: While the results in Table 6 do not show a 
great difference between the breakdown of 5 per cent mixes 
of the two resins, more recent work indicates that the 50/50 
phenol formaldehyde-phenol furfural bonded shell molds and 
cores do breakdown at a faster rate than phenol formaldehyde 
bonded shell molds and cores. 

W. W. Corteman:* Have you established any relationship 
between the nature of backing materials, the conditions of 
backing, and the surface finish of the castings? 

Mr. SHEPTAK: Our work on backing materials was limited to 
the use of molding sand, but it would be interesting to study 
the effects of steel shot and other materials and see if any 
relationship exists. In the casting that we used for cooling 
rate studies, we saw no difference in surface finish between 
backed and unbacked castings. 

S. A. Kunprat: ®° What was the effect of fineness of sand on 
the surface of the casting? 

Mr. SHEPTAK: Recent work has indicated that with a sand 
of a given fineness, the surface finish of the casting will depend 
on the alloy, the section thickness, the size of the casting, the 
rigging, and the pouring temperature. In general, the large 
the casting and the heavier the wall, up to a given thickness 
which will depend on other factors, the better the surface 
finish that can be obtained with a sand of a given fineness. 

R. J. Perro, Jr.:* What was the effect of the shell-mold 
sand-grain size on cooling rate? 

Mr. SHeptak: All of our cooling rate work was done with a 
sand of AFS Fineness No. 114, so we do not know the effect 
of varying sand-grain size. However, since the resin particles 
coat the individual sand grains in bonding the shell molds, 
it is not anticipated that a sand-grain size in the range of from 
AFS Fineness No. 100 to No. 155 would have a significant effect 
on the cooling rate. 

Mr. SHEPTAK (Author’s Closure): The author wishes to thank 
the people who have contributed to the discussion of this 
paper. The nature of the questions asked indicate that there 
is a need for more work on the variables which might eifect 
the quality of a shell mold casting. We have reported on what 
we considered the most important variables—inhibitors, break- 
down, tests for evaluating mixes, and cooling rates. Our results 
have shown that the shell molding process can be used for 
magnesium but, shell molding should be used for a casting 
only if it offers the foundry some advantage over other mold- 
ing processes. 
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DEVELOPMENT OF FOUNDRY SAND 


RECLAMATION 


By 


Clifford E. Wenninger* 


This paper is intended as a general discussion of 
(1) historical developments, (2) fundamental con- 
cepts, and (3) past reclamation methods. It is hoped 
the information presented herein will provide a suit- 
able background for the other papers on modern 
reclamation methods in this Symposium, pp. 191-227. 


Historical Notes 


In 1926, Pat Dwyer' prepared a series of articles 
summarizing the status of sand reclamation at that 
time. His material was obtained from correspondence 
and interviews with foundrymen who had tried means 
and methods to extend the useful life of their old 
sands. 

Dwyer found confusion to be existent with respect 
to just what constituted foundry sand reclamation. 
Some foundrymen deemed rejuvenation of old sand 
heaps with new sand/clay additions to be reclama- 
tion. Others felt the mechanical reconditioning of an 
old sand mass to remove lumps, foreign debris, and 
fines, should be accepted as reclamation. Only a few 
conceived reclamation to be a matter of treating indi- 
vidual grains to restore them to a physical state ap- 
proximating that of new sand grains. 

Further, Dwyer found it almost impossible to dis- 
cuss reclamation without becoming involved in re- 
lated discussions on the complexities inherent in the 
selection, preparation, testing, and control of sands in 
general. Seemingly, the average foundryman was 
interested in sand conservation and/or reclamation 
to the same degree he would be interested in any 
feature capable of reducing costs or increasing pro- 
duction. However, and to an equal degree, he was 
adverse to experimentation or changing established 
foundry practice in the absence of more basic informa- 
tion and a prior elimination of existing sand prob- 
lems. In other words, the foundryman felt that re- 
clamation had little to offer if it tended to further 
complicate an already complex situation. In the face 
of this more-or-less industry-wide attitude, Dwyer con- 
cluded that a more general promotion of sand re- 
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clamation would have to await (a) the development 
and distribution of additional information on found- 
ry sands and sand controls, and (b) a parallel devel- 
opment of equipment and methods better able to 
satisfy the economical /technical requirements of an 
average foundry. 


Interim Years 


Dwyer assumed the mechanical development of 
reclamation would be paralleled by a related techni- 
cal development of information on sand problems in 
general, and reclamation problems in particular. Un- 
fortunately, and for a number of years, an industry- 
wide concern with the creation of a more satisfactory 
general sand technology actually delayed the develop- 
ment of fundamental reclamation information and 
data. Because of this delay, technical developments 
failed to keep ahead of mechanical developments, 
and, in turn, a succession of reclamation methods were 
evolved with fundamental flaws inherent in their de- 
signs and operations. Some methods, or systems, were 
quite elaborate and, upon being found unsatisfactory, 
they were abandoned with considerable losses in time, 
effort, and money. In the absence of explanatory fun- 
damental facts, the poor performance of such systems 
seemed to confirm the average foundryman’s skepti- 
cism with respect to the future of foundry sand re- 
clamation. 

It was not until around 1938 that the work of dif- 
ferent investigators initiated the development of suc- 
cessful wet-reclamation methods.*-*7 Shortly there- 
after, several types of thermal reclamation systems 
made their appearance.*> In 1948, a pneumatic instal- 
lation was described in the literature.® 

Most of these latter-day methods and systems were 
accepted as being satisfactory in accordance with the 
conditions and requirements peculiar to the particular 
foundries in which they were installed. However, 
none seemed to be sufficiently free of technical, eco- 
nomical, or operational limitations to win a ready 
acceptance by the industry as a whole. Generally 
speaking, most foundrymen continued to view reclam- 
ation as a potential trouble-making innovation in the 
absence of proven technical information and data. 

Because of the more strict limitations applicable to 
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their re-using old sands, steel foundries have pio- 
neered in the development of sand reclamation from 
the very beginning. Therefore, it was natural for the 
Steel Founders’ Society to recognize the need for addi- 
tional basic information, and to authorize a research 
project to study reclamation in 1948. The project was 
initiated to (a) determine the most detrimental con- 
taminant or relationship influencing the re-use of old 
sands, and (b) to evaluate the comparative merits of 
different methods in reclaiming clay-containing sands 
for re-use in molding mixtures. The published results 
served to clarify some controversial questions, and in- 
spired a more considerate attitude towards reclama- 
tion by steel foundrymen in general.® 

In 1950, another investigation sponsored by a man- 
ufacturer of foundry equipment culminated in the 
creation of a new reclamation method based upon a 
pneumatic dry-scrubbing of old sands and individual 
sand grains.!° The successful commercial development 
of this method has been completed only in recent 
months. It is understood that other papers on this 
program will describe the method in greater detail. 

Obviously, no attempt has been made to provide a 
detailed resume of historical development. Rather, 
only sufficient background material has been pre- 
sented to explain why development has been pro- 
longed over so many years. Only in quite recent times 
has the pressure of economic factors been combined 
with a more general distribution of technical knowl- 
edge to give reclamation a new status in the eyes of 
Mr. Average Foundryman. In fact, the organization 
of this Symposium can be interpreted as indicating 
that foundry sand reclamation has come of age. 


Fundamental Concepts 


To project some fundamental concepts for sand re- 
clamation, it becomes necessary to consider what hap- 
pens to a system sand when it is subjected to repeated 
re-use. At some time or other most foundries try to 
repeatedly re-use their old sand in order to reduce 
their expenditures for new sand. Unfortunately, any 
initial period of success is invariably followed by a 
progressive deterioration in workability and casting 
finish with the passing of time. Eventually, savings 
effected by re-using the old sand become questionable 
as increasing losses are suffered in production and 
cleaning operations. Finally most foundries find it 
expedient to revert to either continuously diluting 
the old system with fresh sand additions, or to using 
new sand facing with old sand backing mixtures. 

The progressive deterioration results from the accu- 
mulative effects of physical changes (a) within a sand 
mass as a whole, and (b) upon the surfaces of indi- 
vidual sand grains. In preparing foundry sand mix- 
tures, individual grains are provided with coatings of 
bond. In successive cycles through a system, such 
coatings become thicker with each added layer of 
fresh bond. Eventually, most grains become encased 
in “shells’’ of old bond—and the “shells” tend to be- 


come hard and brittle with the passing of time and 
repeated subjection to high temperatures. 

On one hand, the continuous artificial enlargement 
of individual grains creates a sand mass with an in- 
creasingly greater number of grains being retained on 
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the coarser sieves of a distribution analysis. On the 
other hand, under mechanical and thermal stresses, 
the embrittled coatings on some grains crack and 
separate to produce a multitude of fine particles. 
Thus, over a period of time, a progressive change in 
mass grain distribution results in more and more fines 
becoming dispersed throughout a matrix containing 
more and more out-size grains (Fig. 1). 
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Fig. 1—Generalized comparison of grain distribution re- 
peatedly used sand vs original new sand. 


The creation and presence of compound grains also 
contributes to the coarsening of a sand mass. Com- 
pound grains result when a number of small grains 
bond particles become cemented together to create 
large irregular shapes possessing uncertain physical 
stability in the presence of mechanical and thermal 
forces. 

Obviously, as the original grain distribution changes 
with repeated re-use, the total surface area of the sand 
mass increases by leaps and bounds. To compensate 
for increasing surface area, and to maintain work- 
ability, it becomes necessary to increase strength and 
moisture levels with each additional cycle through tlie 
system. Eventually, a point is reached where work- 
ability and castability can no longer be maintained by 
simply controlling strength and moisture levels, and 
the sand must either be discarded or subjected to 
other treatment. 

An important physical change with respect to indi- 
vidual sand grains and their contribution to mass 
deterioration, is the creation of “pickle” sand grains; 
grains having surfaces covered with wart-like projec- 
tions because of small particles becoming embedded in 
the old-bond coatings. Such projections not only serve 
to greatly increase the total surface area of each grain 
but, by interfering with the movement of one grain 
past another, the projections decrease mass flowability 
and response to ramming energy. When the resistance 
offered by one or two grains is multiplied by thou- 
sands of grains, one comes to understand why old used 
sands are so difficult to ram into compact uniform 
mold surfaces. Further, any attempt to use increased 
ramming energy simply transfers trouble from the 
grains to the sand mass as a whole. As ramming en- 
ergy increases, more particles are broken from the 
“shells” of old bond, more fines are created, and the 
sand mass suffers accordingly (Fig. 2). 
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USED SAND GRAIN CROSS-SECTION 


Fig. 2—WNote: “Shell” created by successive layers of 
bond, and “pickle” surface resulting from particles be- 
coming embedded in bond. 
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Rejuvenation by Dilution 


An old system sand can be kept within control if it 
receives daily additions of fresh sand either in the 
form of core sands at shake-out or direct new sand 
additions to the system. The incoming fresh sand 
serves to constantly dilute the system, thus offsetting 
the influence of the old sand still remaining in the 
system. If dilution is closely supervised in accordance 
with changing production conditions, the accumula- 
tive effects of the various physical changes are never 
permitted to reach a point where they can contribute 
to an epidemic of casting defects. However, for every 
ton of fresh sand added, a ton of old sand must be 
removed to keep a system at a more-or-less constant 
tonnage level. The loading and disposal of waste sand 
can become a very expensive item in operating costs. 
In recent years, many foundries have found it neces- 
sary to haul their old sands a considerable distance to 
reach permissible dumping areas. 


Reconditioning 


Some foundries have been moderately successful in 
extending the useful life of their old sands by resort- 
ing to reconditioning systems. In such systems, the old 
sand is passed over magnetic pulleys, through lump 
breakers and screens, then aerated to remove fines. 
Unfortunately, reconditioning treats a sand mass as a 
whole and fails to materially affect the physical state 
of individual grains. Though aeration may remove 
fines and thus reduce total mass surface area, it does 
little towards smoothing, or removing, the old-bond 
coatings on individual grains and breaking up com- 
pound grain formations. The reconditioned sand may 
require less moisture and bond in re-use, and it may 
be somewhat easier to control, yet it cannot perform 
like new sand because nothing is done to restore the 
surface condition of old grains to a physical state com- 
parable with the surface condition of new sand grains. 
Even after a thorough job of reconditioning, most 
foundries find it necessary to blend reconditioned 
with new sand in preparing satisfactory facing and 
mixtures. 

It is important to note that reconditioning is appli- 
cable to a sand mass. True reclamation requires that 
a uniform and controllable amount of work be per- 
formed on each individual grain within the mass. The 
latter statement is fundamental to modern reclama- 
tion theory and practice. 










Past Reclamation Methods 


In discussing what contributes to the progressive de- 
terioration of an old used sand we have simultaneously 
defined the physical changes and effects that must be 
countered by modern reclamation methods. With this 
information at hand, one can understand why some 
reclamation methods of the past were not too satis- 
factory. 

Dry Mulling Plus Aeration—Some foundries have 
tried to use sand mullers and an intensive mulling of 
dry old sand batches to smooth grain surfaces and/or 
remove “shells” of old bond from individual grains. 
The dry-mulled sands are subsequently aerated to re- 
move “shell” debris and other fines.” 

Foundry sand mixers of the intensive type have 
been designed to coat individual sand grains with 
plastic materials by combining pressure and frictional 
forces. They never have been intended for applying 
impact and abrasion towards the smoothing or re- 
moval of the comparatively hard durable “shells” on 
old sand grains. Though the mechanical stirring and 
agitation may smooth the coatings on some grains, 
and the impact and pressure of mullers may crack 
“shell” segments from other grains, it is almost im- 
possible to treat all grains to a like degree. To be 
completely satisfactory, small batches must be mulled 
for lengthy periods of time, and mulling must con- 
tinue until practically all surface material has been 
removed from all grains. Where mulling removes only 
segments of the grain coatings, the remaining rough 
irregular surfaces are just as unsatisfactory as the ini- 
tial “pickle” surfaces on unmulled sand grains, 

Aeration subsequent to dry-mulling is also a prob- 
lem. Thorough air-separation requires that each grain 
and particle be exposed to the separating force— (the 
air)—in such a manner that each is free to be removed 
from the sand mass in accordance with weight, size, 
and velocity limitations. Maximum effectiveness re- 
quires that a uniformly thin curtain of sand fall at a 
steady rate through a constant-velocity airstream. 
When satisfactory aeration conditions are obtained, 
many “shell” fragments still remain with the sand 
mass because they have not been reduced to air-float- 
able proportions, and, therefore, cannot be entrained 
within and removed by an air-stream. Such fragments, 
because of their non-symmetrical shapes, interfere 
with the packing of true sand grains and continue to 
exert undesirable physical effects when the reclaimed 
sand is returned for re-use. 

Because of the foregoing factors, and the wear and 
power consumption attendant to lengthy mulling 
periods, both efficiency and economy suffer in com- 
parison with other reclamation methods. Though the 
writer’s firm manufactures intensive sand mullers, our 
investigations have led us to devise other equipment 
specifically designed to meet the basic requirements of 
reclamation. 

Thermal Methods—Thermal or ignition methods 
are being successfully applied to reclaiming used 
foundry core sands—sands bonded only with carbon- 
aceous materials such as cereals and core oils.4 They 
have not been too successful when applied to mux- 
tures of core and molding sands containing varying 
amounts of clay binders. 
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It is rather difficult to heat all individual grains 
within a sand mass to the same degree in a continuous 
and uniform manner. When clay-containing sands are 
being thermally reclaimed, some grains receive just 
enough heat units to dehydrate, bake, and/or em- 
brittle their “shells.” Other grains, at higher tempera- 
tures, have their coatings more firmly attached to their 
surfaces because traces of basic oxides become fluxing 
agents and promote an incipient fusion of coatings fo 
grains. Carbonaceous materials are combustible, and 
create heat units. 

Consequently, the ignition and destruction of some 
carbonaceous material may serve to free clay from 
some grains. On the other hand, a concentration of 
heat units can contribute to a firmer adhesion of clay 
on other sand grains. All of this results in some sand 
grains emerging from thermal reclamation with their 
clay shells still present to maintain the influence of 
enlarged and irregular grain surfaces. Other grains 
emerge with their coatings susceptible to cracking and 
spalling when they encounter mechanical and thermal 
forces during subsequent cooling and re-use. 

If the embrittled “shells” separate from their re- 
spective grains before or during the mulling of a sand 
mixture, additional bond and moisture is required to 
compensate for the presence of innumerable dead clay 
particles, or “frits.” Such dehydrated particles are 
difficult to wet and possess poor adhesiveness with 
fresh bond. If the “shells” separate under the influ- 
ence of thermal shock during pouring operations, ad- 
jacent grains are freed from adhesion with bonds and 
with each other—and surface failure becomes general 
over a widespread area of a rammed sand face. 

To counter the ill effects of clay in thermal reclama- 
tion, it has been suggested that (a) the ignited sands 
be dry-mulled subsequent to ignition,® or (b) the clay 
content be removed prior to ignition. Obviously, the 
problems of dry-mulling and aerating an ignited sand 
are essentially the same as for an unignited sand, and, 
if anything, investigation has shown that ignition 
prior to mulling may but make matters worse.® 

If the clay content of mixed sands is removed prior 
to ignition, it becomes debatable whether or not igni- 
tion is essential to satisfactory re-use. Wet-scrubbing 
of an old sand will remove considerable carbonaceous 
as well as clay material, and there is evidence to indi- 
cate that the complete destruction of carbonaceous 
coatings on individual sand grains contributes little 
towards satisfactory re-use in either cores or molds. 
While the appearance of a washed and ignited sand 
may be visually pleasing to the eye, the color of a re- 
claimed sand is not indicative of its ability to dupli- 
cate the casting performance of new sand. 


Merit of Thermal Reclamation 


As stated herebefore, true thermal reclamation has 
merit when applied only to sands bonded with car- 
bonaceous materials. In most foundries it is difficult 
to keep core sands separate from molding sands at 
shake-out, and, if a foundry is going to wash out the 
clay prior to ignition, they might as well settle for a 
complete wet reclamation system, especially so since 
the rising cost of fuel for ignition may seriously effect 
the economics of thermal reclamation in the not too 
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distant future. This factor alone may restrict therma 
methods to low-tonnage high-value installations such 
as for the reclamation of shell-molding sands, foi 
example, 

Wet Methods—Some wet reclamation installation: 
failed to meet expectations in the past because thei 
designers assumed the solvent action of water to be 
sufficient to remove “shells” from old sand grains. 
In actuality, it is not enough to just wash an old sand 
mass. The individual sand grains must be subjected 
to an intensive wet-scrubbing action. Such an action 
can be obtained by pumping or mechanically agitat 
ing a properly proportioned mixture of old sand and 
water. Peak efficiency in wet-scrubbing is only ob- 
tained when sufficient safd is suspended in water to 
promote a maximum of impact and abrasion between 
colliding sand grains. The “shells” possess a certain 
amount of durability, and it is the continuous impact 
and abrasion that smoothes and reduces the thickness 
of old-bond coatings, or almost removes them entirely 
from the sand grains. By controlling the density of a 
sand/water mixture and the time devoted to scrub- 
bing, a more-or-less uniform amount of work can be 
performed on each grain to a degree compatible with 
the conditions under which the sand is to be re-used. 

Modern wet reclamation methods rely upon wet- 
scrubbing to reduce and/or remove the “shells” from 
old sand grains. The wet-scrubbing is then followed 
by a wet separation to remove “shell” debris and other 
fines. Wet separation, in turn, may be coincident with, 
or followed by, a wet classification to obtain some 
desired range in grain classification. After being pro- 
cessed, the reclaimed sands must be drained and dried 
prior to being returned for re-use in the foundry. If 
the successive stages in processing are properly con- 
trolled, most wet-reclaimed sands can be made to per- 
form as good, or better, than new sands in most appli- 
cations. 

From a fundamental viewpoint, wet reclamation 
methods have become acceptable. Work is performed 
both upon individual grains and a sand mass as a 
wnole. Over-size grains are reduced, compound grains 
are destroyed, and the grain distribution of the old 
mass is adjusted to approximate that of the new sand. 

The dark color associated with reclaimed sands is 
chiefly derived from material remaining in pits and 
crevices on individual grains. Such material can serve 
a useful purpose by rounding out the surface contours 
of the grains. Grains with symmetrical shapes are 
more flowable, and less fresh bond is required in fill- 
ing the pits and interstices common to adjacent 
rammed grains. It is believed that a more flowable 
sand with a more consistent grain distribution ac- 
counts for most cases where the reclaimed sand seems 
to perform better than the original new sand. 

Some foundrymen object to the presence of the 
residual material when a reclaimed sand is to be re- 
used in cores. It is debatable whether the residual 
material is as influential upon core-oil consumption as 
some believe. Some operating results indicate that, 
after residual clay has been reduced to less than 1.0 
per cent by A.F.S. standards, the fines content of a 
sand becomes far more influential than its clay con- 
tent with respect to core-oil consumption in re-use. 
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By closely controlling the elimination of fines during 
reclamation, reclaimed sands can be made to exhibit 
tensile strengths superior to new sands when rebonded 
with tike amounts of bond under like test conditions. 

Despite their ability to satisfy fundamental require- 
ments, wet reclamation methods have been found to be 
unacceptable to some foundries because of economical 
factors and /or operating features. Such foundries have 
been prone to await further improvement, or the de- 
velopment of a method more compatible with their 
particular conditions. Possibly, the recently developed 
pneumatic method may prove to be better able to 
satisfy their requirements. 

Pneumatic Methods—As noted elsewhere, a pneu- 
matic method for sand reclamation was developed and 
described in 1948.8 The method involved entraining 
sand grains in an air-stream and blasting them against 
a fixed target. While initially deemed to be success- 
ful, it is understood that the method failed to prove 
satisfactory over a period of time. It is believed that 
the limited amount of impact and abrasion was insufh- 
cient to do much towards smoothing and/or reducing 
the coatings on heavily-bonded old sand grains. 

The recently developed pneumatic method has been 
specifically designed to meet the same set of funda- 
mental requirements now being met by the wet re- 
clamation methods. The method centers around an 
air-scrubber unit that parallels and duplicates the 
functions of a wet-scrubber unit in a wet reclamation 
system. From a fundamental viewpoint, the enly dif- 
ference between a pneumatic scrubber and a wet 
scrubber is the respective mediums utilized for sus- 
pension and motivation. In one, the promotion and 
control of impact and abrasion between sand grains is 
obtained by suspending and motivating the grains in 
air; in the other, the same thing is accomplished in 
water. 

Results from operating installations indicate the 
pneumatic method is capable of performing a controll- 
able amount of work on individual sand grains, and 
returns a product that consistently meets grain dis- 
tribution specifications, The indications are that the 
method does satisfy the fundamental requirements 
that have been projected in discussion. It will be left 
for other papers in this Symposium to discuss its fea- 
tures in greater detail. 

Summation 
In the preceding pages consideration has been given 
to the general development of foundry sand reclama- 
tion, the projection of certain fundamental concepts. 
and the technical faults peculiar to some reclamation 
methods of the past. Discussion has indicated that, 
from a fundamental viewpoint, satisfactory reclama- 
tion requires: 
1. A uniform and controllable amount of work be 
performed upon individual used sand grains to 
(a) break up compound grain formations 
(b) smooth, reduce, and/or remove the “shells” of 
old bonds 

(c) restore grains to about original physical dimen- 
sions 

(d) confer more symmetrical shapes to sub-angular 
and angular grains 

2. A satisfactory means of separation and classifica- 






tion may be applied to a sand mass as a whole to 

(a) remove the “‘shell’’ debris and other fines cre- 
ated in scrubbing grains. 

(b) return the reclaimed product with a grain dis- 
tribution approximating that of the original 
new sand. 

It is hoped that this presentation will contribute 

towards a better appreciation of the information and 
data in the papers that follow in this Symposium. 
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DISCUSSION 


Chairman: J. A, RAssenross, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: R. H. Jacosy, The Key Co., East St. Louis. 

Recorder: J. B. Caine, Foundry Consultant, Cincinnati. 

D. S. Bosma:' Is more bond required with reclaimed sand 
than with new sand, when used for cores? 

Mr. WENNINGER: If residual clays are reduced to about 1.5 
per cent or less, and if the fines are controlled, the same tensile 
strengths can be expected with the same bond addition. 

I. S. Apsotr:* Will not the structure of the material filling 
the pits, if porous, effect the efficiency of the liquid binders? 

Mr. WENNINGER: Yes, if porous it will adsorb liquid bind 
ers. However, this pore material is usually hard and_ solid 
Then, too, the more symmetrical grain shape caused by re 
clamation decreases the number and shape and depth of the 
pits, and thus produces a counter-effect in the form of de 
creased surface area per grain and for the sand mass as a 
whole. 

W. A. Dean:* How applicable is dry reclamation to sand 
bonded with urea formaldehyde binders? 

Mr. WENNINGER: It is rather difficult to give a definite answe1 
at this time. Preliminary tests have been satisfactory, but we 
have no experience with this type of binder in production. 

I. A. Targuinio:* Will air scrubbing make subangular sands 
more rounded? 

Mr. WENNINGER: Yes, and experience indicates that a more 
flowable, more moldable sand results. 
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RECLAMATION 


OF SAND BY PNEUMATIC DRY SCRUBBING 


Henry W. Meyer* 


ABSTRACT 


A chronological discourse relating experiences leading to the 
finding that certain sand grain coating characteristics affect the 
thermal stability of steel molding sands, and contribute to 
either good or poor casting results. Proper mulling conditions 
were found greatly influencing sand grain coating characteris- 
tics. Taking advantage of these findings resulted in greater use 
of reconditioned sand, and later selection of a dry method of 
sand reclamation employing the principle of pneumatic scrub- 
bing. Complete elimination of new crude sand in an all-purpose 
steel molding sand mix followed. 


Present day cost of new sand, sand mixture ingredi- 
ents, and the increasing difficulty and expense experi- 
enced in the disposal of used sand make it imperative 
that foundries make greater use of their used or dis- 
carded sand. This may be done by either recondition- 
ing or reclaiming used sand. 

There is no doubt but that this paper will differ 
greatly from the other papers presented in this Sym- 
posium on Sand Reclamation. Instead of dealing 
solely with a given sand reclamation method and its 
benefits, also included is the finding of differences in 
sand grain coating characteristics and the influence 
these coating characteristics exert in causing a sand to 
give either good or poor casting results. Employing 
the practical applications of the coating characteris- 
tics indicative of improved casting results, from the 
standpoint of decreased defects attributed to molding 
sand, resulted in a greater use of reconditioned sand; 
it resulted in decreased use of new sand and later the 
wise selection of a sand reclamation unit whereby the 
use of new sand could be completely eliminated from 
a molding sand mixture. 


Reconditioned Sand Defined 


The term “reconditioned sand” when used in this 
paper may be considered used sand that has received 
some degree of cleaning but not enough to make the 
sand suitable for use as new sand throughout the 
foundry and core room. Reconditioning of used sand 
involves reducing used core and molding sand lumps 
to individual sand grains, removing metallic particles, 
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sintered clusters of sand grains, excess fines and other 
tramp and objectionable material. The equipment in- 
volved in reconditioning used sand may consist of 
some form of crushing medium, magnetic separator, 
vibrating or rotating screens and dust collecting sys- 
tem. Reconditioning of used sand varies with indi- 
vidual foundries and is dependent upon the amount 
of necessary equipment the foundry may have to per- 
form the task. 


Reclaimed Sand Defined 


The term “reclaimed sand” is rather loosely used in 
the foundry, inasmuch as reconditioned sand is fre- 
quently called reclaimed sand. Reclaimed sand, from 
the writer’s point of view, is used sand that has been 
restored to comparable quality of the new sand pur- 
chased by a given foundry, and may be satisfactorily 
substituted for new sand in core and molding sand 
mixtures without appreciable change in sand practice. 

Sand reclamation, regardless of whether the method 
employed is a wet or dry process, has the same under- 
lying idea of attack—the removal of accumulated 
coating from around the sand grains, excessive fines 
or dust and other objectionable materials that have 
made the sand unusable from the standpoint of qual- 
ity casting production. 

For all practical purposes the foundry contemplat- 
ing sand reclamation should determine the most suit- 
able sand reclamation method to fit easily and con- 
veniently into its present sand practice. If at all 
possible, a foundry should not be expected to change 
its sand practice to any appreciable degree, or it is 
almost certain that difficulty will be experienced in 
maintaining casting quality results, 

It is important that a foundry give careful consid- 
eration to the method of sand reclamation it wishes to 
choose; this is especially. true of the foundry using 
new crude sand. This foundry may discover it is 
changing its sand practice to coincide more closely 
with that of new washed sand and losing the benefits 
derived from a small per cent of natural clay content 
or sand grain coating, and the use of lesser amounts 
of binding material. This latter experience costwise 
is of great importance to the foundry preparing 1000 
to 1500 tons of sand daily. 
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The foundry purchasing new washed sand can more 

readily measure the effectiveness and benefits to be 
experienced from a sand reclamation unit, than can 
the foundry that has established a sand practice in- 
volving the use of new crude sand. Basis for the pre- 
ceding statement rests upon the belief that it is im- 
possible to clean used sand to a degree greater than 
the original new washed sand quality. The foundry 
using washed sand can measure the degree of under- 
cleaning, change in sand grain distribution and difler- 
ence in casting quality results obtained from a re- 
claimed sand by comparing data and results with its 
current washed sand practice. 

The foundry using new crude sand, when evaluat- 
ing the effectiveness of a sand reclamation unit, is con- 
fronted with more than the problem of determining if 
the sand grain distribution will be changed or casting 
quality reduced. It must also determine if the used 
sand can be returned to approximate new crude sand 
quality and the reclamation process halted, so as not 
to lose the benefits of the use of a lesser quantity of 
binding material and other desirable characteristics 
derived from the natural clay content and sand grain 
coating present in crude new sand. 

The Commonwealth Plant of General Steel Cast- 
ings Corporation has long been a user of new crude 
sand and is aware of the benefits derived from its use. 
Even though sand practices assuring a conservative 
use of new sand, a minimum amount of binding mate- 
rial and quality casting results were established, the 
total new sand consumed daily was rather large, due 
to the quantity of sand prepared each day. In a chron- 
ological manner experiences will be related, which 
lead to a more satisfactory use of reconditioned sand 
and later the substitution of pneumatic dry scrubbed 
reclaimed sand for new sand in a molding sand mix- 
ture which constituted approximately 80 per cent~of 
all sand prepared for daily use. 


All-Purpose Molding Sand Mixture 


An all-purpose molding sand mixture in which used 
or reconditioned sand predominates, capable of being 
used as mold facing as well as backing, has been in 
successful use since September 1946. This mixture 
has given equal or better results than those obtained 
when using new sand mold facing. Costwise, the mix- 
ture is so formulated that it is comparable to the total 
sand cost in the mold when using a combination of 
relatively expensive new sand mold facing and a low 
cost backing sand mixture. 

Elevated temperature testing data and correlated 
casting results were used as a guide in the formulation 
of all-purpose molding sand mixtures, as well as all 
subsequent mixture changes. The thermal shock tests 
which play an important part in sand mixture formu- 
lation are made by exposing 114-in. diam x 2-in. long 
test specimens at 2500 F temperature in the Dietert 
dilatometer and observing the ability the sand pos- 
sesses to withstand the thermal shock. The thermal 
shock characteristics have been found a positive guide 
to the degree of burned-on sand or metal penetration, 
veining, scabbing and erosion that can be expected 
from a given sand mixture formulation. Ideal results 
are those where the sand specimen remains free of 












Fig. 1—Photo of test specimen having good and poor 
thermal shock characteristics. 


cracking, crazing and spalling. Figure 1 contains pho- 
tographs of specimen having good and poor thermal 
shock test characteristics, respectively. 

The initial all-purpose molding sand mixture con- 
tained 50 per cent new crude sand; within 2 years the 
amount of new sand was gradually reduced to 20 per 
cent. This practice continued for 214 years. The pour- 
ing weight of castings produced during this period of 
time varied from a few pounds up to 85,000 lb. Natu- 
rally, after 414 successful years’ use of this practice, 
there was little doubt that at any future time would 
any appreciable difficulty arise which could not be 
readily remedied. 

In the early part of 1951, it was observed the ther- 
mal shock characteristics of the all-purpose molding 
sand mixture were slowly deteriorating. As the con- 
dition became more apparent, the new sand ratio in 
the mix was increased, and the deterioration halted. 
However, the thermal shock test characteristics were 
not improved. The magnitude of this problem may 
be more easily realized when one becomes familiar 
with the fact that a 10 per cent increase in use of new 
sand on the respective rate of production at the time 
amounted to 140 tons of new sand a day, a sizeable 
cost item. 

Numerous experimental mixtures, employing all 
our previous knowledge, were .made in an effort to 
regain the desired thermal shock test characteristics 
initially experienced. While these seemingly fruitless 
tests were being made, it became apparent it would 
be necessary to look for some minute differences which 
were apparently greatly influencing thermal shock 
characteristics. Sand mixtures having good and poor 
thermal shock test characteristics at first appeared 
under microscopic examination to be alike. After con- 
siderable study and re-examination, it was observed 
that there was a difference in the coating characteris- 
tics of sand grains, producing good and poor thermal 
shock test results. 

All-purpose sand mixtures which produced good 
thermal characteristics were found to contain indi- 
vidual sand grains more uniformly coated, and a pre- 
dominating number of the grains uniformly and 
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Fig. 2—Sand grains drawn to show coating characteristics affecting thermal stability of steel molding sands. 


thinly coated. Likewise, sand mixtures which pro- 
duced poor thermal shock results contained indi- 
vidual sand grains less uniformly coated and a wide 
variation in degree of coating of sand grains compris- 
ing the over-all sand sample. The author was unable 
to photograph successfully the contrasting differences 
in sand grain coatings as observed when viewing com- 
posite samples of sand mixtures producing good and 
poor thermal shock characteristics. Therefore he pre- 
pared simple drawings (Fig. 2) exemplifying sand 
gram coatings. 


Sand Coating Characteristics 


“A” represents a heavily coated sand grain. If this 
type of coated grain predominates in the composite 
sand mixture, poor thermal shock characteristics and 
inferior casting results can be expected. “B”’ represents 
non-uniformly coated sand grains. Regardless of 
whether the coating is thick or thin, this type of non- 
uniformity produces poor results. “C” shows uniform 
medium and thinly coated sand grains. When this 
type of sand grain coating predominates, ideal results 
can be expected. “D” represents sand grains with a 
uniform thin or smear coating, a coating characteristic 
applied through mulling new sand or reclaimed sand 
from which the coating was completely removed. This 
type of coating is conducive to satisfactory results. 
“E,” non-coated sand grains, definitely contribute to 
poor thermal shock characteristics and casting results, 
even when comprising only a slight minority of the 
composite sand mixture. 

While the factors relating to sand grain coating, 
thermal shock characteristics, and casting results were 
being further proved, it was observed that certain 
mulling conditions contributed to pocr sand grain 
coating. An extensive study of mulling was made to 
determine the best mulling practice. The result of this 
study proved that there was a definite relationship be- 
tween the size of batch, space between muller wheel 
face and surface against which mulling is done, and 
green compressive strength of a given molding sand 
mixture. Sand mixtures mulled under such a rela- 
tionship contained a greater number of uniformly 
coated sand grains. The thermal shock characteristics 
and casting results were greatly improved. Taking ad- 
vantage of the information obtained while making the 
mulling study, the author reduced the new sand ratio 
in the all-purpose molding sand mixture to 15 per 
cent, and later to 10 per cent. 

Further verification of the effect that sand grain 
coating characteristics have on the thermal shock test 
characteristics was obtained while investigating the 
possibilities of certain polyelectrolytes. An addition 


of 0.65 Ib to a 1300-lb size batch, or the equivalent of 
0.05 per cent of the polyelectrolyte, resulted in al: 
purpose molding sand mixtures containing sand grains 
predominantly more uniformly coated and having 
greatly improved thermal shock test characteristics. 
Our present sand practice and the current cost of the 
polyelectrolyte did not permit taking advantage of 
these findings. 

Recent investigation of two dry sand reclaiming 
methods, one employing the principle of impact, sand 
grains against a metal plate, the other a pneumatic 
scrubbing action of sand grain against sand grain, a 
method recently made available, resulted in further 
confirmation of the coating characteristic theory, 
Table 1. 


TABLE |1—Compositr~t DATA OBTAINED EVALUATING 
Two Dry MEtTHOops oF SAND RECLAMATION 





Reconditioned sand, Ib 20.0 = —_ 1105.0 1105.0 
Ottawa Crude Sand, Ib = _ _— 195.0 _— 
Scrubbed Reclaimed Sand, Ib 20.0 — — 195.0 
Impact Reclaimed Sand, Ib _ — 90 ina _ 
Western Bentonite, Ib — 0.32 0.35 20.0 20.0 
Cereal Binder, Ib — — — 6.0 6.0 
Moisture, % 3.8 3.8 3.8 3.8 3.8 
Grams of sand required for 
2-in, test specimen 175 176 175 170 171 
Green permeability 173 193-198 193 185 
Green compression, psi 4.5 4.4 4.6 6.7 6.8 
Dry tensile, psi — — — 42.5 40. 
Max. expansion 1500 F, in./in. — — — 0157 = .0165 
Hot Strength @ 2500 F, 
2 min soaking time, psi — — — 15 17 
Thermal shock characteristics Light Light Medium Light Slight 
2 min soaking time to Cracks Cracks Cracks to 
Medium Crazed Crazed Light 
Cracks Cracks 





The impact method of reconditioning sand resulted 
in an uneven removal of coating from the sand grains. 
All-purpose molding sand mixtures containing the 
unevenly coated sand grains produced thermal shock 
characteristics greatly inferior to identical sand mix- 
tures containing reconditioned sand not treated by 
any reclamation method. 

The effect of pneumatic scrubbing of sand grain 
against sand grain was found to produce a sand 
around which the thickness of coating was uniformly 
reduced. This sand, when used in all-purpose mold- 
ing sand mixtures, produced thermal shock character- 
istics superior to the all-purpose molding sand mix- 
tures containing an equal per cent of new crude sand. 
Investigating the relative value of used sand scrubbed 
at the rates of 1 through 6 tons and 9 tons an hour, 
resulted in finding sand scrubbed at the rate of 6 tons 
an hour could be satisfactorily substituted for new 
crude Ottawa sand in an all-purpose molding sand 
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mixture. The substitution of sand scrubbed at the 
rate of 6 tons an hour did not necessitate the changing 
of any other components of the sand mixture, An im- 
provement in elevated temperature characteristics 
ind increased density were experienced. Used sand 
scrubbed at lesser rates, when incorporated in the all- 
purpose molding sand mixture, required greater 
amounts of binding material. Elevated temperature 
characteristics were improved; however, the increasing 
improvement was not as great as initially experienced 
changing from new crude sand to scrubbed sand. Sand 
scrubbed at the rate of 9 tons an hour and substituted 
for new crude sand required less binding material. 
Elevated temperature characteristics were comparable 
to those of the molding sand mixture containing new 
crude sand. 

Since it is impossible to have all sand grains coated 
alike, the question may arise as to which contributes 
the greater influence, coating thickness or uniformity 
of coating around the sand grain. The thickness of 
coating, within reasonable limits and as long as it is 
uniformly distributed, has been found less deterring 
to the formulation of molding sand mixtures capable 
of producing ideal thermal shock characteristics and 
casting results, than has been experienced with non- 
uniformly coated sand grains. Non-uniform, thinly 
coated sand grains have produced sand mixtures pos- 
sessing inferior thermal shock test results. Uniform 
medium and thinly coated sand grains are most desir- 
able for incorporating in molding sand mixtures. 

Improved workability or moldability was observed 
in all molding sand mixtures when uniformity of 
medium and thinly coated sand grains predominated. 

Reasonable control in the reduction of coating 
thickness and clay content can be accomplished 
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through the dry reclamation method employing pneu- 
matic scrubbing. 

Experience has proven this method of reclamation 
is economical and maintenance of equipment a negli- 
gible cost when reclaiming sand at the rate of 6 tons 
an hour. 

The sand grain coating characteristic theory is ap- 
plicable to all foundries. Some modification of its 
application may be required, dependent upon the 
sand practices the foundry employs. 


DISCUSSION 


Chairman: J. A. RAsseNFoss, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: R. H. Jacosy, The Key Co., East St. Louis, III. 

Recorder: J. B. Caine, Foundry Consultant, Cincinnati. 

D. S. Bosma:' What is the polyelectrolite which you re- 
ferred to? 

Mr. Meyer: The polyelectrolite referred to in this report is 
an extensively advertised soil conditioner. 

M. H. Horton:? What is the per cent clay in the feed sand 
and how much is removed? 

Mr. MEYER: At a scrubbing rate of 6 tons per hour the 5 
per cent A.F.S. clay in the feed sand is reduced to 214 to 3 per 
cent. A further reduction is possible but not required for our 
practice. 

D.-C. WittiaMs:* How much is true clay and how much is 
\.F.S. clay? 

Mr. Meyer: We do not know. We test for A.F.S. clay only. 

MEMBER: Are you using your reclaimed sand for cores? 

Mr. Meyer: We are experimenting along that line now. 
More information is necessary before anything definite can be 
said; however, results to date are encouraging. 

MeMmBER: Why do you not remove more of the old clay? 

Mr. Meyer: More bonding material would be necessary, and 
it would be more difficult to coat uniformly all the sand grains. 
\ uniformly reduced coating, not a cleaner sand grain, is most 
advantageous in our sand practice. 

' Superintendent of Foundries, Bucyrus-Erie Co., So. Milwaukee, Wis 


* Foundry Metallurgist, Deere & Co., Moline, Il. 
® Associate Prof., Ohio State University, Columbus, Ohio 








DRY RECLAMATION OF MOLDING SAND 
FOR STEEL CASTINGS 


By 


James A. Cannon* 


ABSTRACT 


Reclaimed sand produced during an eight-month period with 
a dry method reclamation unit resulted in decreasing the 
amount of new sand used by more than 75 per cent. This re- 
claimed sand was used for facing mixes in molds for steel cast- 
ings up to 3000 lb. Evaluation of the reclaimed sand is based 
on a comparison with new sand as used for facing during twelve 
months preceding the start of sand reclamation. A study of 
casting defects and casting quality during periods each sand 
was in use indicates casting quality to be as satisfactory when 
using reclaimed sand facing as when using new sand facing. 


*" A base sand of washed and dried, round-grain Ot- 
tawa sand was reclaimed by the dry method in a unit 
described by C. E. Wenninger at the 1952 A.F.S. Con- 
vention [‘‘Pneumatic Reclamation for Foundry Sands,” 
A.F.S. Transactions, vol. 60, pp. 330-336 (1952)]. Essen- 
tially, this unit is a dry scrubber which removes old clay 
and fines by agitation and abrasion in an air stream. 


Prior to installation of the reclaimer unit, this 
foundry used new sand in cores and in mold facing 


A typical installation (right), 
showing sand scrubber, fines 
collector and dust collector. 
Vibrating conveyor and 
screen, surge bin, and vibrat- 
ing feeder complete the 
sand reclamation system. 


sands. With the present reclamation system, new sand 
is used in cores and reclaimed sand is used in facing 
for molds. The Ottawa base sand averages 53 A.F.S. 
grain size with an A.F.S. clay content of about 0.5 per 
cent. Dry reclaimed sand averages 50 A.F.S. grain size 
and has an A.F.S. clay content averaging 2.7 per cent. 
In this report, new sand and reclaimed sand are com- 
pared in their abilities to serve as facing sands for 
steel castings. 

This foundry pours acid electric carbon and low 
alloy steel. Castings range in size from 1 1b to 3000 Ib, 
averaging about 50 lb. Minimum temperature of metal 
entering the mold is 2850 F (1566 C) with most jobs 
ranging from 2900 F (1593 C) to 3000 F (1649 C). Small 
castings are poured from 150-lb shank pots, medium 
castings are poured from 1000-Ib bull ladles, and large 

*Asst. Superintendent, Duncan Foundry & Machine Works, 
Inc., Alton, Ill. 
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astings from 2500-lb and 6000-lb bottom pour ladles. 
Only a few experimental cores have been made of 
eclaimed sand. Because new sand must be introduced 
nto the system, it is introduced at the core room as it 
happens that the amount of sand consumed by the core 
room has equalled sand losses from the system and 
maintained a balance. 


The Old and the New 


Figure 1 shows a flow diagram of the sand system 
when new sand was used in facing for molds. New sand 
entered the system at the core room and at the facing 
sand mill. Two-thirds of the cores were of new sand 
and one-third of old sand. New sand was used for fac- 
ing sand except for small castings where facing was 
a half and half blend of old and new sand. Old sand 
amounted to about 20 per cent of the total facing 
sand used; balance was new sand. 

Most core sand went to the cleaning room with cast- 
ings after shakeout and from there went to the dump. 
Most molding sand, both facing and back-up, entered 
the shakeout storage tank. Sufficient sand was removed 
from storage daily to provide room in the sand system 
for entry of new sand from the facing mill. 

Figure 2 shows the flow diagram for the present dry 
reclamation sand system. All new sand enters the sys- 
tem at the core room. The core room now uses new 
sand for all cores. Thus, new sand for the core room 
as in Fig. 2 is 240 tons instead of 160 tons as in Fig. 1. 


New Sand from Cores 


After shakeout of castings, new sand in the form of 
cores enters the cleaning room with castings. This new 
sand is recovered from the cleaning room and de- 
livered into the shakeout storage tank. There is a small 
loss of sand from the cleaning room due to contamina- 
tion by pulverized shot. All facing is now reclaimed 
sand and there is the advantage of uniformity com- 
pared with use of new and blended sands as in the old 
system. As molds are shaken out, most all facing and 
back-up sands are delivered into the shakeout storage. 
Sand in the shakeout storage tank contains 4.0 per cent 
new sand from cores, 18.0 per cent reclaimed sand from 
facing sands, and 78.0 per cent old sand from back- 
up sands. 

Sand from the shakeout storage tank is conveyed in 
sufficient quantity to the reclaimer to maintain sand 
for mold facing. The balance of sand in the shakeout 
storage enters, the back-up sand mill. 


Sand entering the reclaimer has an A.F.S. clay con- 
tent varying from 5.5 per cent to 8.5 per cent. Fines 
and clay removal by reclamation represent a reclaimer 
loss of 12.0 per cent. The reclaimed sand has a clay 
content of 2.0 per cent to 3.1 per cent averaging 2.7 
per cent A.F.S. clay with reclamation rate of 4 tons 
per hour. 

In addition to a 12 per cent loss at the reclaimer, 
another 6 per cent is lost due to use of sand linings 
in ladles plus losses of contaminated sands in cleaning 
room and foundry. The total 18 per cent loss is bal- 
anced by new sand introduced at the core room in cores. 
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Fig. 1—Original Sand System, showing flow diagram with 
new sand used for facing molds. Test was made with two- 
thirds of cores using new sand, balance using the old. New 
sand entered system at either core room or facing sand mill. 
Progression through foundry operations is illustrated in 
the block diagram shown here. 
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Fig. 2—Dry Reclamation Sand System 


Changes in Screen Analysis 


During reclamation of sand, daily samples were 
taken to obtain A.F.S. clay percentage and screen anal- 
ysis for the reclaimed sand. The same data were ob- 
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tained from sampling of each car of new sand delivered 
at the core room. These daily values were plotted and 
averaged monthly. Figure 3 summarizes and comyare: 
screen analysis of new and reclaimed sands for the 
eight-month period. 

The material retained on the 20 and 30 mesh screens 
for reclaimed sand: is not sand, but particles of tile, 
scale, and sintered sand grains. This foreign material 
was cause for concern, but has created no trouble as 
yet. The percentage of sand retained on the 40 and 50 
mesh screens is consistently higher with reclaimed sand 
than with new sand. The percentage of new sand on 
70, 100, and 140 mesh screens is consistently highe: 
than reclaimed sand. Both sands have nearly equal 
amounts on 200 and 270 mesh screens and on pan. 
The A.F.S. fineness number averages 53 for new sand 
and 50 for reclaimed sand. The A.F.S. clay content 
for new sand is 0.5 per cent and A.F.S. clay content 
of reclaimed sand as shown in Fig. 4 varies by monthly 
averages from 2.3 per cent to 3.1 per cent. At a reclama- 
tion rate of 4 tons reclaimed sand per hour, the A.F.S. 
clay content averages 2.7 per cent. 

Sand tests taken on each batch of a facing mix for 
heavy castings were basis for data shown in Fig. 6. 
This graph summarizes the room temperature prop- 
erties by showing monthly averages during the eight- 
month period being discussed. Moisture and green 
compression were controlled to produce a desirable 
sand mix. The resulting permeability was closely 
watched. Though permeability gradually decreased 
for a period of months, it eventually returned to values 
equivalent to permeability experienced before re- 
clamation. The drop in permeability cannot be ex- 
plained, but no ill effect was experienced. Increased 
green compression during the last three months was 
an intentional change. 

A typical facing mix made of new sand was made 
with | per cent cereal binder and 4 per cent western 
bentonite. When this mix was made with reclaimed 
sand the amount of cereal binder was not changed, 
but due to higher clay content of reclaimed sand, it 
was necessary to decrease the bentonite addition to 
2.3 per cent to obtain equivalent values in green 
strength and moldability. This decrease in bentonite 
addition was the only major change in milling practice 
when converting from new sand to reclaimed sand. 


Good Casting Quality Retained 


Casting quality as judged by appearance seems the 
same with new sand or reclaimed sand mold facing. 
Sand peels easily leaving a clean smooth casting sur- 
face with either sand. However, quality can best be 
evaluated by plotting amounts of scrap castings and 
amounts of welding rod used for repair. Figure 5 
shows monthly average values that make possible com- 
parison between castings made during twelve months 
of 1951 versus castings made during eight months of 
1952. 

Average amount of welding rod used to repair de- 
fects during reclamation is 68.1 per cent of welding 
rod used before reclamation. Average amount of total 
scrap during reclamation period is 85.4 per cent of 
total scrap made before reclamation. When consider- 
ing only that portion of scrap attributed to sand de- 
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Fig. 4—Room Temperature Properties 


fects such as sand, blows and scabs, the amount ol 
scrap during the reclamation is 81.7 per cent of the 
same class of scrap made before the reclamation period. 
Finally, scrap due only to sand erosion is compared 
for the two periods and scrap due to sand is practically 
the same when using either new sand or reclaimed 
sand for mold facing. 

It is not to be assumed that the decrease in total 
scrap and decrease in welding rod used during the 
reclamation period is due to the sand only. This im- 
provement must be the result of improved foundry 
techniques as well as the sand. It can be safely assumed, 
however, that quality of castings has not decreased due 
to use of reclaimed sand for mold facing. 

The use of reclaimed sand as a facing sand in molds 
for steel castings has presented no objectionable prob- 
lem in the sand system, the reclaiming operation, in 
milling or in molding. The use of reclaimed sand has 
decreased new sand consumption by more than 75 per 
cent. The reclaiming operation not only provides a 
more uniform sand for facing, but renews the entire 


Fig. 3 (left)—Screen Analysis 
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Fig. 5—Scrap and Repair 
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Fig. 6.—Clay Content of Reclaimed Sand 


sand system every eight to ten days and provides uni- 
form sand for back-up sand as well. 

Although the above-mentioned advantages for dry 
reclaimed sand are desirable, the final test is in the 
end result. How good are the castings? A poorer sand 
will result in more scrap and more repair of castings. 
During the reclamation period being discussed there 
has been less scrap and less casting repair than former- 
ly. Thus it can be concluded that dry-reclaimed sand is 
as satisfactory as new sand for use as a facing sand in 
molds for steel castings up to 3000 lb in weight. 
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DISCUSSION 


Chairman: J. A. RAsseNFoss, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: R. H. Jacosy, The Key Co., East St. Louis, 
Ill. 

Recorder: J. B. Caine, Foundry Consultant, Cincinnati. 

T. A. Tarquinio:' What happens to oils and dry binders in 
core sands during dry reclamation? 

Mr. CANNON: We use no core oil. There has been no ob- 
servable build up of phenol resin, or cereal binders. We have 
made satisfactory cores from reclaimed sand, but conditions 
in our plant do not justify the use of reclaimed sand for 
cores. We must introduce new sand into the system someplace 
and the best place in our plant is through the core room. 

Memeer: Is your figure of 18 per cent of sand turnover used 
for cores typical of the steel foundry? 

Mr. CANNON: Yes, but individual foundries may vary over 
a range of at least 100 per cent. 

MemMBeER: Can reclaimed sand with 2.7 per cent A.F.S. clay 
be used for cores? 

Mr. CANNON: Yes, but we use no core oil. 

CHAIRMAN RASSENFOSS: What are your core mixtures? What 
is the cost of your reclaimed sand? 

Mr. CANNON: Two core mixtures are used for the majority 
of our cores. One is a _ bentonite-cereal sand, the other a 
standard phenol resin sand. Our reclaiming cost, including 
overhead is $1.43 per ton, using one unit at the rate given in 
the paper. 


1 Division Foundry Foreman, American Manganese Steel Division of 
American Brake Shoe Co., Chicago Heights, Hl. 











A WET METHOD OF SAND RECLAMATION 


By 


ABSTRACT 


This paper shows by means of direct comparisons that waste 
sand reclaimed by the wet method has proven to be equivalent 
to new sand in physical properties, grain distribution, casting 
finish and quality; that it has all the attributes of new sand 
for foundry purposes; that it can be produced for a fraction of 
the cost of delivered new sand without sacrifice in casting qual- 
ity. A wet method reclaiming pilot unit is described and 
illustrated. Photomicrographs show that the gray color of 
reclaimed sand is due merely to a deposit within the surface im- 
perfections of the grain and that the grain surface is not actually 
adversely affected. 


This paper outlines a wet method of sand reclama- 
tion and shows the results of this method in terms of 
physical properties and grain distribution of reclaimed 
sand as compared with new sand. The authors’ wet 
method pilot reclaiming unit is shown in schematic 
outline in Fig. 1. 

This pilot unit has a capacity of 2 tons per hour 
for most sands but can be adjusted to operate at from 

* Vice President, Engineering and ** Sand Technician and 
Foundry Engineer, ‘The Hydro-Blast Corp., Chicago. 





























5 
Em ¢ 
i 
— Vo 
a4 


Fig. 1—Schematic outline of the authors’ wet method 
pilot reclaiming unit. Legend: 1. Lumpbreaker; 2. Sand 
Sump Tank; 3. Sand Pump; 4. Primary Classifier; 5. 
Scrubber Feed Tank; 6. Scrubber; 7. Sand Sump Tank; 
8. Sand Pump; 9. Secondary Classifier; 10. Feed Tank; 11. 
Dewatering Cylinder; 12. Screw Feeder; 13. Dryer. 


206 





114 to 3 tons per hour. In pioneering the wet method 
of sand reclamation for the past 15 years the author's 
company tested hundreds of waste foundry sands in 
its pilot reclamation system. These sands have come 
from iron, steel and non-ferrous foundries from every 
section of the United States and Canada and from 
some foreign countries, 

In order to follow this flow diagram (Fig. 1), the 
authors will describe the component parts in sequence 
of flow. The lumpbreaker is a rotary barrel having a 
center section of perforated plate. The waste foundry 
sand is introduced into the lumpbreaker and wet 
down. Sand and water pass through the perforations 
while lumps are tumbled in the barrel and are 
abraded to individual sand grains. After passing 
through the perforations the slurry is screened over a 
vibrating unit equipped with a 6-mesh screen deck. 
With this screen the oversize material is removed and 
deposited into a skip box; tramp metal is retained in 
the lumpbreaking barrel and is passed out the dis- 
charge end into the same oversize skip box. 

After screening, the sand and water slurry is pumped 
to the primary classifier (Fig. 2). This classifier is of 
the hydraulic-hindered settling type. The purpose of 
this classifier is to remove undesirable free fine mate- 
rial in order to increase the efficiency of the scrubbing 
action described later. 
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Fig. 2—Hydraulic Counterflow Classifier. 
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The amount of fines removed depends on: 

1. The retention time and velocity in the classifier 

tank. 

2. The size of the bottom orifice opening. 

3. The amount and velocity of counterflow water. 

The desired classification is obtained by adjusting 
these three factors to expel the undesirable fines over 
the overflow weir into the waste, while permitting the 
proper-sized grains to settle to the bottom of the 
classifier cones and to pass through the discharge ori- 
fices. It is possible to recover some finely divided 
silica flour along with the sand, but usually a large 
part of the silica flour is carried away with the waste 
in the initial classification in order to insure complete 
clay removal. In the authors’ wet method reclaiming 
unit, no provision is made to salvage the extremely 
fine silica such as silica flour or splintered sand 
grains. This equipment is, however, extremely flexible 
and capable of reclaiming most finenesses of sand now 
being used. 

It is possible with this type of classification, because 
of its flexibility and adaptability, to produce a sand to 
meet the demands of the foundry and the type of work 
it is doing at any given time. A good example of this 
is that, in the automotive gray iron field where lake 
sand-bank sand blends are used, in some cases a re- 
claimed product is offered that will match the grain 
distribution of the lake sand only, the bank sand 
being rejected in the overflow of the classifier. In 
other cases, a reclaimed product is produced with a 
grain distribution which will match the lake sand- 
bank sand blend. 
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Fig. 3—Drawing of Sand Scrubber. 
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Sand passing through the primary classifier orifices 
flows to the scrubber feed tank which serves not only 
as storage but also as a means of dewatering from a 
dilute slurry to a 70 per cent solids slurry, the desired 
consistency for most efficient scrubbing. This heavy 
slurry is drawn at a uniform and continuous rate 
through a metering orifice into the sand scrubber, 
Fig. 3. The slurry retention time in the scrubber is 
varied depending upon the type of sand to be re- 
claimed and on the type of material adhering to the 
grain surface. Generally steel foundry sands are 
scrubbed for approximately 5 min while iron foundry 
sands require about 10 min. From this retention time 
it is obvious that gray iron waste sands are more difh- 
cult to cleanse than are the steel sands. This is due 
to the amount and nature of additive materials used 
in gray iron sand practice and also because the base 
sand used in the gray iron industry is generally of 
greater angularity. 

Scrubbing Action 

The scrubber impeller operates at 1750 rpm. The 
scrubbing action is obtained through impingement of 
the high velocity stream of slurry as it leaves the im- 
peller against a slower moving stream along the outer 
circumference of the scrubber. Circulation is main- 
tained in a vertical motion as well as in the direction 
of travel of the impeller thereby reducing the possi- 
bility of short circuiting through the scrubber. The 
impingement of sand grains against each other pro- 
duces an intergranular friction which is sufficiently 
great to properly scrub the individual sand grains. 

The impeller is a simple paddle type which can be 
cast by the foundry using the reclaimer. It requires 
no machining and is easily replaced by raising the 
motor support and shaft as illustrated in Fig. 3. The 
impeller has a life of from 8 to 16 hr depending upon 
the type of sand being scrubbed and the kind of metal 
used in the impeller. The impeller is the only high- 
wear item of the scrubber. 

After scrubbing, the sand flows to the second sand 
transfer tank from where it is pumped to the second- 
ary classifier. The secondary classifier removes the 
material which has been loosened in the scrubbing 
operation. The equipment and operation are similar 
to the primary classifier. Sizing classification for proper 
grain distribution takes place at this point. The sand 
next flows downward into the secondary sand storage 
bin and is again metered from the bottom of this bin 
to the pressure-type dewatering filter. This is an 
automatic batching operation which is controlled elec- 
trically as follows: 

1. It is filled with a sand-water slurry at approxi- 
mately 30 per cent moisture. 

2. The compressed air is applied to force the bulk 
of the water from the slurry through a screen 
door at the bottom of the filter. 

3. The sand is discharged from the unit at 8-10 per 
cent moisture. 

On large capacity units a horizontal vacuum-type 
filter table is used for dewatering with comparable 
results, thus achieving maximum dewatering by me- 
chanical means before drying in order to reduce fuel 
costs. The damp sand is then fed into a metering 
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Steel Foundries 
1 Reclaim 87.57 10.65 0.62 0.27 0.89 36 32 108 243 50 
New 87.57 10.65 0.62 0.27 0.89 $8 $3 102 226 55 
2 Reclaim 86.52 8.65 1.35 1.74 0.87 O87(h) 49 2.5 85 185 
New 86.52 8.65 135 1.74 0.87 O87(h) 48 2.5 77 — 1% 
$8 Reclaim 90.16 7.72 0.45 = 1.67 40 12 102 226 216 
New 90.16 7.72 0.45 = 1.67 $9 18 63 173 175 
4 Reclaim 95.23 1.43 1.91 148(i) 45 22 146 313 157 
New 95.23 (a) 1.43 1.91 143(i) 44 2.1 112 275 = 16! 
5 Reclaim 95.24 2.25 0.34 0.9 1.27 $215 HO 212 155 
New 47.62 47.62 2.25 0.34 09 1.27 3.3 1.7 108 167 140 
6 Reclaim 96.69 1.93 1.38 $0 12 146 341 330 
New 96.69 1.93 1.38 29 16 119 275 305 
7 Reclaim 82.72 120 1.44 1.44 249) 56 17 15 738 ite 
New 82.72(a) 12.0 1.44 1.44 2.4(j) 5.8 1.7 82 138 110 
8 Reclaim 96.9 155 1.55 58 06 173 440 285 
New 96.9 1.75 1.55 1.55 59 O09 173 440 250 
9 Reclaim 95.85 1.75 1.0 1.4 $0 09 134 226 270 
New 95.85 1.0 1.4 29 08 88 205 315 
10 Reclaim 86.0 9.6 0.4 4.0(k) 47 18 105 138 110 
New 86.0 9.6 0.4 4.0(k) 47 19 93 134 120 
11 Reclaim 79.15 176 15 1.0 0.75 6.6 8.2 48 99 125 
New 79.15 176 15 1.0 0.75 65 8.6 50 99 115 
12 Reclaim 98.0 1.0 1.0 $0 08 163 226 175 
New 49.0 49.0 (b) 1.0 1.0 3.1 O08 193 275 165 
13 Reclaim 85.86 115 238 0.84 55 56 126 313 75 
New 85.86 115 23 0.34 5.5 66 105 278 80 
14 Reclaim 98.48 118 0.32 16 O08 119 275 155 
New $2.83 65.65 118 0.32 17 O8 112 264 145 
15 Reclaim 97.7 1.5 0.8 $0 06 138 212 190 
New 97.7 (c) 1.5 0.8 29 O05 128 198 185 
16 Reclaim 94.5 26 053 1.3 1.06 41 36 122 300 125 
New 94.5 2.6 0.53 1.3 1.06 $9 44 128 287 100 
3a. SE. HE EES Exe Bebe. ES. BE. 2. 88- £2 FZ ES. 
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Gray Iron Foundries 
17 Reclaim 98.65 0.8 0.55 2.9 0.5 05 219 197 
New 49.32(d) 08 0.55 3.0 0.6 122 243 175 
49.32 (e) 
18 Reclaim 73.26 24.42 1.25 1.07 1.6 0.6 119 205 195 
New 73.26 24.42 1.25 1.07 1.7 0.7 138 219 205 
19 Reclaim 98.25 1.0 0.75 2.0 0.6 235 287 260 
New 98.25 1.0 0.75 2.1 0.6 235 313 265 
20 Reclaim 98.0 1.0 1.0 2.9 0.6 156 219 260 
New 98.0 1.0 1.0 3.0 0.5 219 275 270 
21 Reclaim 97.5 1.11 1.39 1.8 0.7 156 235 270 
New 97.5 1.11 1.39 1.7 0.7 193 287 285 
22 Reclaim 96.43 1.19 1.3 1.08 2.9 0.9 178 287 280 
New 96.43 1.19 1.3 1.08 3.0 0.8 185 300 290 
23 Reclaim 95.7 1.8 0.8 1.7 (1) 0.0 0.0 105 _ 235 
New 95.7 (f) 1.8 0.8 1.7 (1) 0.0 0.0 105 — 185 
24 Reclaim 98.0 0.5 1.5 1.9 0.8 212 253 185 
New 98.0 0.5 1.5 2.0 0.8 253 341 175 
25 Reclaim 97.86 0.66 1.48 2.1 0.7 167 253 190 
New 97.86 0.66 1.48 2.0 0.8 173 205 185 
26 Reclaim 98.17 1.0 0.83 2.5 0.5 156 212 205 
New 98.17 (g) 1.0 0.83 2.5 0.6 142 205 167 
27 Reclaim 97.9 0.7 1.4 1.8 0.7 163 341 195 
New 97.9 0.7 1.4 1.9 0.7 185 376 190 
28 Reclaim 97.7 0.9 1.4 2.4 0.7 102 219 150 
New 73.3 24.4 0.9 1.4 2.3 0.8 119 234 175 
29 Reclaim 98.94 0.66 0.4 2.0 0.3 178 287 150 
New 98.94 0.66 0.4 zi 0.35 185 300 125 
30 Reclaim 
New 
Malleable Foundries 
31 Reclaim 97.44 1.25 1.03 0.196 0.084 (m) 1.9 1.6 138 226 150 
New 97.44 1.25 1.03 0.196 0.084 (m) 1.9 2.3 93 134 160 
32 Reclaim 97.09 1.57 1.25 0.09 1.6 0.6 138 300 260 
New 97.09 1.57 1.25 0.09 1.5 0.7 151 326 258 
(a) Ohio Portage Sand (d) Heaton Sand (g) Wisconsin Portage Sand (j) Truline Binder 
(b) Kingston No. 70 Sand (e) Bay City Sand (h) Fireclay (k) Kor-Rite Dry Binder 
(c) New Jersey Silica Sand (f) Berlin Sand (i) Dextrine (1) Lion Binder 


(m) J. S. McCormick Dryer 
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TABLE 2—SCREEN ANALYSES OF TEST SANDS 
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Sieve No. 





No. 12 20 30 50 70 100 140 200 270 Pan 
Steel Foundries 
1 Reclaim — 0.6 2.4 46.0 27.4 3.4 7.0 0.2 — — 
Blended Ottawa — 0.1 1.5 34.7 34.4 16.1 5.0 1.3 0.2 0.2 
2 Reclaim = 0.1 0.1 34.0 $5.2 21.8 5.2 0.4 oe — 
Blended Ottawa — — — $2.2 $1.2 24.8 7.8 0.2 0.2 0.2 
3 Reclaim _ —_ 1.6 30.8 21.4 14.6 6.4 1.2 — — 
Ottawa Crude — 0.2 4.8 27.6 12.2 9.4 6.8 2.4 0.8 0.2 
4 Reclaim _ _— 0.8 33.8 33.4 17.8 4.6 1.2 — — 
Ohio Portage — _ 0.8 26.0 29.4 21.2 9.8 5.0 1.0 0.6 
5 Reclaim — — 1.4 36.2 18.6 11.4 4.6 1.0 aes —_ 
Ottawa Crude—Wisconsin Portage 1:1 — — 1.4 30.4 25.4 17.7 6.5 1.5 0.7 0.5 
6 Reclaim — — iz 33.2 23.8 14.0 5.0 0.4 a _ 
Wisconsin Portage — — 1.2 24.4 30.5 22.4 7.9 1.8 oon 0.5 
7 Reclaim 0.2 0.6 1.4 23.8 $2.2 17.6 15.4 2.0 0.2 0.2 
Ohio Portage — 1.2 3.6 25.2 28.2 15.0 12.4 2.6 0.6 0.6 
8 Reclaim — 0.2 1.2 31.8 38.2 11.0 8.4 0.6 0.2 —_ 
Blended Ottawa _ 1.2 3.8 35.6 31.0 8.6 5.0 0.4 0.2 — 
9 Reclaim — 0.2 2.4 45.0 21.0 17.8 6.0 1.0 a wale 
Blended Ottawa —_ _ 0.8 16.1 18.1 23.5 15.2 4.8 1.1 0.3 
10 Reclaim — 0.4 3.4 28.2 27.8 7.6 17.9 0.4 _— — 
Wisconsin Portage — — 2.8 27.6 29.2 8.8 17.4 1.8 0.2 0.2 
11 Reclaim — 0.6 4.2 35.0 14.0 6.6 2.4 0.4 —_ a 
Ottawa Belrose _— 0.2 1.0 29.0 13.4 10.6 2.5 0.1 0.1 0.1 
12 Reclaim —_ 0.2 1.8 $0.4 18.4 12.6 7.2 1.6 0.2 0.2 
Kingston-Ottawa Crude 1:1 — 0.2 3.6 29.9 17.1 9.9 6.6 2.1 0.6 0.3 
13 Reclaim 0.2 0.8 4.0 53.2 16.0 5.6 7.0 0.4 = ed 
Ottawa Crude — 0.4 5.2 34.8 13.8 0.6 6.6 0.1 0.1 ome 
14 Reclaim — _ 0.2 23.0 29.6 28.0 12.0 2.2 0.2 — 
Wisconsin Portage-Ottawa W&D — — 0.2 24.2 33.8 24.4 10.4 2.0 wile _ 
15 Reclaim — 0.2 1.8 18.8 35.9 27.9 6.8 0.8 0.2 0.1 
New Jersey Silica — 0.3 1.7 21.6 33.0 24.5 8.2 1.6 0.3 _ 
16 Reclaim — — 1.2 38.2 18.2 9.6 3.8 1.0 _ wae 
Ottawa W&D —_— _ 2.8 35.6 12.4 8.6 4.6 1.6 0.6 0.4 
Gray Iron Foundries 
17 Reclaim — 0.2 2.8 25.4 26.6 23.0 5.0 0.2 — _ 
Bay City-Heaton 1:1 — - 268 194 166 5.2 0.6 0.2 _ 
18 Reclaim _ _— 0.2 38.0 44.6 13.4 2.6 mia - —_ 
Lake — — 0.2 50.0 37.6 5.8 1.0 0.2 — atthe 
19 Reclaim _ — 0.2 47.2 $2.4 9.4 2.4 0.2 — — 
Lake — om 0.2 42.8 39.8 8.4 1.6 0.2 — — 
20 Reclaim —_ 0.2 0.2 34.8 44.6 13.8 2.6 0.2 —_ _ 
Lake -_ _ — 31.8 53.2 12.6 0.2 - = = 
21 Reclaim — _ 0.2 33.4 42.2 15.0 4.0 0.6 ~— — 
Lake ane _— — 7.4 76.4 13.8 0.4 a am ie 
22 Reclaim —_ _— 0.6 51.2 34.2 4.6 0.4 — — ome 
Lake te — 0.6 52.2 33.4 4.6 0.4 0.2 —_ a 
23 Reclaim o— 0.2 0.8 24.4 27.6 14.8 15.4 2.0 0.2 0.2 
Berlin — — 0.3 9.3 54.7 23.3 8.2 0.5 0.2 — 
24 Reclaim a 0.2 1.6 40.8 32.6 10.6 2.2 0.2 — _ 
Lake — 0.2 2.4 43.0 30.0 6.4 0.6 — cm om 
25 Reclaim om 0.2 S| 17.8 45.4 26.8 1.6 0.2 — —_ 
Lake _ — 0.6 18.4 44.6 31.2 1.4 0.2 — — 
26 Reclaim “se 0.4 5.6 28.8 22.2 15.0 5.8 1.2 — — 
Wisconsin Portage ome 0.4 5.1 26.9 22.5 16.7 7.9 1.4 0.6 0.4 
27 Reclaim —_ _ 1.6 37.8 40.8 9.6 0.6 — = san 
Lake — —_ 0.6 31.4 53.4 8.2 1.0 1.0 — a 
28 Reclaim — ee 0.2 26.6 42.6 19.2 6.4 2.2 — — 
Lake-Bank 3:1 oie a 0.1 13.8 43.2 23.9 9.7 9.6 0.6 0.1 
29 Reclaim on 0.2 0.4 18.8 69.4 7.8 1.0 _ —_ _ 
Blended Lake _— 0.1 0.6 21.5 53.1 20.1 1.1] —_ “ as 
30 Reclaim _ _ 0.2 30.0 $9.2 22.4 4.0 0.2 _ = 
Italian Sand — _— 0.2 31.2 40.4 20.4 3.6 0.4 _— —_ 
Malleable Iron Foundries 
31 Reclaim — 0.2 0.4 19.0 36.6 28.4 10.6 1.4 ne ae 
Lake — _ 0.4 17.4 30.0 19.8 21.2 6.4 0.6 0.2 
31 Reclaim o— 0.2 0.8 15.6 45.4 31.2 2.8 and ate hela 
Lake —_ 0.2 0.4 17.6 50.4 27.4 1.0 1.2 —_ tmnt 
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Waste Sand—as Received 





ey Bw. 


Reclaim Sand 


A Wet METHOD OF SAND RECLAMATION 


New Sand 


Fig. 4—Typical photomicrographs of waste sand “as received,” reclaim sand, and new sand. Mag. 15x. 


screw-type conveyor which feeds the dryer at a uni- 
form rate of flow. This dryer is a typical rotary kiln- 
type unit which dries the sand to bone-dryness. Upon 
leaving the dryer, the sand is screened through what- 
ever mesh screen is necessary to remove undesirable 
oversize material. 

Some years ago the authors’ company offered the 
facilities of the pilot plant and its technical staff to 
the foundry industry for the purpose of processing, 
testing and evaluating their waste sands for reclama- 
tion. This work, done without charge, was performed 
for academic rather than economic reasons. 

Tables 1 and 2 show the results obtained in the 
pilor unit from the processing of 32 different samples 
of waste foundry sand from iron and steel foundries. 
These samples varied from 5 to 50 tons. 

The sands produced by this wet reclamation system 
werc compared on a laboratory basis against new sands 
of the respective foundries using mixtures selected 
by the foundry involved. Usually additive materials 
such as core oil, cereals, clays and other binders were 
shipped from the current stocks of the respective 
foundries for use in the evaluation. The reclaimed 
sand was then shipped to the foundry and applied in 
production mixes. Castings were poured and exam- 
ined in comparison with those made with their stand- 
ard new sand cores and facings. This was done in 
order to eliminate as many variables as possible. In 
every case the sands returned to the foundry compared 
favorably with the new sands. 

Certain general observations can be made from 
the tables: 

1. The reclaimed sand shows a slightly lower green 
strength than new sand. 

2. The baked tensile strength is about equal. 

3. The permeability, both green and baked, is 
slightly higher. Loss on ignition of reclaimed sand 
is slightly higher. This is attributed to the surface 
imperfections of the sand grains in the natural state 
which are filled with carbonaceous materials which it 
is not practical to remove mechanically by the scrub- 
bing operation. It has been found in some cases that 
having these depressions filled is advantageous be- 
cause the reduced total surface area requires less 
binder to coat the grains, without impairing the 


physical properties. 

The photomicrographs in Fig. 4 illustrate that the 
gray color of the reclaimed sand is a result of the 
carbon deposits in the surface imperfections of some 
of the grains rather than a complete coating of the 
grains. 

Results, benefits and characteristics that might rea- 
sonably be expected of a wet sand recovery system 
include: 

1. Casting finish equal to new sand. 

2. Baked tensile strengths equal to an equivalent 
new sand with no increase in binder consump- 
tion. This is considered a practical measure of 
sand cleanliness. 

3. Sand cost per ton substantially lower than that 
of delivered new sand, usually low enough to per- 
mit amortization of equipment investment cost 
in 1 to 3 years depending on the volume of sand 
used and cost thereof. Often the operating costs 
of a wet method sand reclamation unit are no 
greater than the cost of waste sand disposal 
alone. 

!. Grain distribution can be controlled more closely 

than that of new sand. 

5. Color will not match that of new sand. The 
gray color will not produce any undesirable 
effects on the physical characteristics of the 
reclaimed sand. 

6. Sintering point is not lowered. 

This paper has not attempted to show the effect of 
a wet sand reclamation system on dust control. It 
certainly offers advantages in this direction. The dust 
producing grains are largely removed in the waste 
from the classifiers as slimes. 

There are at present 26 wet method sand reclama- 
tion units in operation producing upwards of 1,000,- 
000 tons of sand annually for the production of cast- 
ings equal in quality to those made with the new 
sand formerly used by these respective foundries. 
Generally these foundries have had refuse sand sam- 
ples processed in the authors’ pilot reclaimer and 
have run exhaustive laboratory and production tests 
on the reclaimed product in order to predetermine 
the results obtainable before purchasing a reclama- 
tion system. 
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SAND RECLAMATION IN A STEEL FOUNDRY 


H. H. Johnson, R. Y. McCleery and G. A. Fisher* 


One of the main problems that confronts every 
foundry is that of processing an adequate supply of 
sand which has the characteristics to meet the many 
requirements imposed upon it in the foundry and the 
core room. The volume of sand required alone pre- 
sents a major handling problem since one to two tons 
of new sand are normally required per ton of castings 
produced. This means that in a foundry such as the 
one with which the authors are connected, sand re- 
quirements may be in the order of 1200 tons per 
week when production is at a normal level. 

In addition, the sand must consistently possess cer- 
tain characteristics of uniformity such as grain shape, 
distribution of grain size, and thermal characteristics 
to mention only the very obvious requirements, These 
are necessary to secure the uniformity of properties 
expected in the sand mixes from mill to mill and 
from day to day. These requirements further compli- 
cate the problem because the use of sand from a 
particular geographical location is frequently indi- 
cated, such as the familiar use of Ottawa sand from 
near. Ottawa, Illinois, because of its round grain char- 
acteristics. While the cost of the sand itself may be 
comparable with that of many other types of sand, 
the freight cost on a long haul can be considerable 
and therefore the initial sand cost becomes an item 
of major consideration. When sand is transported 
for a considerable distance, the foundry also must 
allow for delays by maintaining a considerable stock 
pile which further presents problems of providing 
storage space, unloading of cars and loading into 
bins or onto belts as needed, in all kinds of weather. 


Disposition of Waste Sand 


An additional factor—and not the least in im- 
portance—is that of the disposition of the waste sand, 
since an amount of sand must be removed from the 
system equal to the amount that has been introduced 
as new sand. In some situations there is a sale for 
much of this waste sand at a price that pays for the 
handling of the sand. In other situations there is the 


*Respectively, Chief Metallurgist, Sand Technician and Qual- 
ity Control Engineer, National Malleable & Steel Castings Co., 
Sharon, Pa. 
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additional cost of hauling this sand away. 

Because of these considerations, it was decided to 
install a sand reclamation unit of the “wet” type at 
Sharon Works and operation of the unit was begun 
on May 5, 1949. It was recognized that such a unit 
would not be panacea for all of the problems in- 
volved; indeed it has injected other problems into 
the picture such as (a) that of securing moisture con- 
trol of the reclaimed sand to an extent that would 
allow a uniform level to be reached through the dry- 
ing operation, or (b) that of sludge disposal, to men- 
tion only two of the problems. It was fairly obvious, 
however, that if the reclaimed sand could be used 
interchangeably with new sand with no detrimental 
effects in casting quality; and if the sand could be 
reclaimed for approximately $2.00 per ton, then 
economic and operating benefits would be very at- 
tractive. 

Our experience has been in general quite satis- 
factory. With normal operation the unit has con- 
sistently reclaimed about 1000 tons of sand per week, 
of which perhaps 700 tons were used in the foundry 
and 300 tons in the core room. New sand in the 
amount of perhaps 15-20 pct of these amounts is re- 
quired as make-up to replace sand lost in (a) the 
core lumps that may not be broken up in the barrel, 
(b) as sludge, and (c) at miscellaneous places, as in 
sweepings, etc. 

In our practice, the core sand is bonded with syn- 
thetic resin (of the phenolformaldehyde type) but 
this binder does not seem to exert any influence in 
the efficiency of the washing operation and the re- 
claimed sand can be used interchangeably with new 
sand in the core room. It is perhaps also of importance 
to note that we have standardized on one base 
sand which is suitable both for core production as 
well as on one green facing sand that is used at all of 
our molding units. This represents a considerable 
accomplishment over the period of the last ten years 
for during that period we have cut down from 6 or 7 
core mixes, requiring two types of new sand to three 
principal mixes made from one sand. Similarly we 
were using two types of sand in our facing and sup- 
plying three or four kinds of facing sands to the vari- 
ous units and this is now standardized on one facing 
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Fig. 1—Schematic diagram of 
the sand reclamation system. 
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and one backing sand. Such standardization is almost 
mandatory if the reclaimed sand is to be used most 
effectively. 

The reclamation unit used at Sharon Works is es- 
sentially a standard unit rated at 15 tons per hour, 
such as has been described by both the. manufac- 
turer!? and by users.* In fact another paper in this 
Symposium describes the pilot plant used by this 
manufacturer and therefore the authors shall only 
broadly outline the equipment involved in their in- 
stallation. A schematic diagram (Fig. 1) shows the 
principal pieces of equipment that are involved and 
the flow of sand and water through the system. A 
photograph of the installation is shown in Fig. 2. 
As noted, about one-third of the sand prepared goes 
into cores while two-thirds is used as green sand and 
hence the reclaimed sand is used in this proportion. 


Operation of Sand Reclamation Unit 


For reclamation, the waste sand is put through a 
lump breaker which is merely a revolving barrel into 
which a stream of water is directed. This water stream 
and the rotating action of the barrel breaks down the 
lumps and prepares most of the sand for further 
treatment. The center portion of the barrel is per- 
forated so that the sand and water mixture can dis- 
charge through this perforated section. It then passes 
over a vibrating screen which removes all the lumps 
that have not been broken up in this treatment and 
the sand and water mixture then goes into a de- 
watering tank. Oversize material is rejected to a 
waste box and tramp metal retained in the barrel 
also goes into this waste box. From the dewatering 
tank, the sand can go directly to a classifier and from 
this unit go over the vacuum dewatering table and 
be ready for use. 

However, in our experience so much clay and other 
inert material remained on the sand grains after this 
treatment only, that a considerable amount of extra 
synthetic resin was required for bonding the core 
sand. Because of this difficulty, the installation of 
the scrubber was felt to be economically justified. 
Such a scrubber is nothing more than a big barrel 
with a paddle arrangement to keep the sand and 
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water mixture vigorously agitated. The scrubbing 
operation is accomplished with a mixture of about 25 
pct water and 75 pct sand (by weight). This allows 
grain to grain contact and the abrasive action scrubs 
off much of the adhering fine materiai on the grains. 
The sand now goes into a transfer tank or sump from 
which the mixture of sand and water is pumped to 
the classifier. 

In the type of classification used in this unit, ac- 
ceptable sand settles downward against a rising cur- 
rent of water, the velocity of which is controllable. 
The rising current of water is the means by which 
the reject material is removed and this operation 
pretty much controls the grain distribution of the 





Fig. 2—Photo of sand reclamation system. 
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end product. As the counterflow water is increased, 
the fineness number is decreased to a certain extent 
and it is claimed that it is possible to materially 
change the grain distribution but we have never tried 
to accomplish much along that line. It is important 
to maintain a uniform flow of the sand to the unit 
and to keep the velocity of the incoming water to the 
classifier adjusted to compensate for changes in the 
volume of sand to be classified. 





Fig. 3—Photos of sand in process; (3A) New Ottawa 

sand; (3B) Return sand; (3C) Out of the barrel; (3D) 

Out of the scrubber; (3E) Finished sand. Mag.— 
Approx. 25x. 


After classification, the sand mixture is dewatered 
in our installation by passing over a horizontal vac- 
uum filter table. The main variable encountered 
here is differences in the rate of flow of sand through 
the unit. However, this non-uniformity can be mini- 
mized by care in operation of the unit as will be dis- 
cussed in more detail later on. The sand is scraped 
off the table onto a short conveyor belt which runs it 
into an outdoor storage bin. Here it can be stored or 
it can be transferred immediately into a rotary, gas- 
fired drying kiln from which it is returned on an- 
other conveyor to the sand storage bins over the sand 
mills. 

A technical evaluation of the performance of such 
a unit must consider (a) the efficiency of the unit in 
removing the adhering fine material on the sand 
grains, thus restoring them to their original condi- 
tion; (b) the grain distribution of the reclaimed sand, 
as compared with that of the new sand; (c) the physi- 
cal properties of the sand mixes made from this sand, 
as compared with the specifications that have been set 
up for them; and (d) the appearance of the castings 
made from the reclaimed sand, with particular refer- 
ence to defective castings produced under these con- 
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ditions. Such an evaluation should also include a 
consideration of operating difficulties encountered in 
the operation of the system. 

A series of photographs are presented in Fig. 3 to 
show the appearance at 25 magnifications of repre- 
sentative samples of the sand taken at several steps in 
the operation. The base sand is washed and dried 
Ottawa Sand with a nominal A.F.S, Grain Fineness 
No. of 50 and its appearance is shown in Fig. 3a. 

Figures 3b, c, d, and e show the appearance of 
samples taken at several steps in the reclamation. 
The used sand as it is being returned for reclamation 
is shown in Fig. 3b. As would be expected, the 
grains, while basically the same, are coated with the 
by-products resulting from the reaction of the binders 
when they have been heated in the mold. Decompo- 
sition, distillation, and condensation of the several 
binders involved plus the coating action of the clay 
and other binders used that have not reacted, all 
combine to materially change the surface conditions 
of the sand grains and would result in undesirable 
properties if the sand was re-used in this condition. 

Howard and Jenni‘ point out that “One of the 
most important effects resulting from the contact of 
the compounded mold or core sand with molten steel 
is the coating of the sand grains with a firmly ad- 
hering film of clay binder and carbonaceous matter. 
At the temperature of molten steel, the water of 
crystallization of the clay compounds is driven off 
and the clay or bentonite film on the grains has dis- 
tinctly different properties from the orignal binder. 
The carbonaceous matter results from the decompo- 
sition of organic compounds present in the mix.” In 
order for the sand to be used again this coating must 
be removed and the obvious measure of the efficiency 
of the reclamation unit is how nearly the sand is re- 
turned to its original surface condition. 

In Fig. 3c is shown the effect of the washing action 
while the sand is in the first step of the unit (the 
revolving barrel) where the lumps are broken up and 
the first washing occurs. By comparison with Fig. 3b 
the beneficial effects of this first washing are evident. 

The next step in the reclamation cycle is to pass 
the sand through a scrubber and here again more of 
the grain coating is removed as shown in Fig. 3d. 

Finally the sand is passed into a sump tank, is 
pumped to the classifier unit and passes through this 
unit, which steps remove more of the clay and other 
fine material and more of the loosened coating from 
off the sand grains so that as the sand leaves the re- 
clamation unit it looks like the sample shown in 
Fig. 3e. 

Material Remaining on Sand Grains 


Much of the grain coating that we are concerned 
with removing is an inert, clay material but some of 
it is combustible. In order to get an approximation 
as to the amount of this clay-like material and of the 
combustibles present after each of these several steps, 
representative samples were analyzed for carbon and 
A.F.S, clay determinations were also made, with the 
results shown in Table 1. 

Here we have a somewhat more quantitative mea- 
sure of what has happened than is obtained by mere- 
ly looking at the samplcs taken at the several steps in 
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the process. A comparison of Figs. 3a (new sand 

and 3e (the finished reclaimed sand) indicates tha‘ 
the grains maintain the same shape and size bu: 
that some of the grains are still entirely or partial! 

coated, while many of them are very clean, excep: 
for a few tiny spots on them. (These spots may be o/ 
importance and we shall refer to them later in th 

discussion). This observation is confirmed by the fact 
that analysis shows but 0.2 pct combustible materia! 
and 0.4 pct clay remaining in this sand. It is general], 
accepted that less than 0.35 pct combustible matter 
will give a satisfactory sand. It is also of interest that 
while only a part of such matter is actually removed 
in the scrubber itself, it apparently has been loosened 
until it can readily be removed in the classifier. 

Mention was made previously of the fact that the 
phenol-formaldehyde type of resin is used as a core 
binder and one of the problems was that of deter- 
mining how well the polymerized coating could be re- 
moved from the sand grains. Apparently the grains 
can be cleaned satisfactorily as shown by the data pre- 
sented and as confirmed by operating experience, i/ 
the scrubber is included in the unit. 

When the unit was first put into operation, it was 
without the scrubber and therefore the apparent clay 
content was being reduced from about 6 pct to about 
1.25 pet. When this sand was bonded for the green 
sand molding, only slightly more binder was re- 
quired than if new sand was used. However, in the 
core mixtures the clay content is undesirable because 
a considerable amount of additional binders are re- 
quired to absorb this material and these materials 
are expensive. For example, we found it necessary to 
add as much as 3 gallons of core oil per ton of sand 
to absorb this clay, which was an expensive addition. 
Along with the expense of the oil, additional cost was 
involved because of the observation that when cores 
were made bonded with any oil, they must be washed 
in order to produce a casting finish equivalent to that 
of an unwashed core bonded with a phenolic resin. 
In general, a poorer casting surface is produced if 
any oil is used than if resin alone is used. 

After the scrubber was put into operation, the ap- 
parent clay content was reduced to about 0.4 pct, so 
that no additional binders are required for most of 
the production. For some blown cores, however, 6 lb 
western bentonite are added per ton of sand and, 
therefore, 1 gallon of core oil is used per ton of sand 
to react with the bentonite. For a few special pur- 
pose cores, such as cup cores, 3 gallons of oil per ton 
are added to the resin mix to produce extremely hard 
cores with high hot strength. This mixture also re- 
quires 10 pct silica flour and again the core oil is 
added to react with the silica flour. 


TABLE 1—MATERIAL REMAINING ON SAND GRAINS 








Combustibles Apparent 
Sand Condition (As Carbon), % Clay, % 
As returned from foundry 0.56 5.6 
Through revolving barrel 0.37 5.2 
Through scrubber 0.33 2.0 
Through classifier (into yard) 0.20 0.4 
Sludge (waste) 0.66 
New Ottawa sand 0.05 0.2 
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Grain size distribution of the reclaimed sand gives 
nother interesting criterion as to the performance of 
the system. Typical distribution charts both for new 
sand and for the reclaimed sand are superimposed in 
Fig. 4 and these show nearly the same distribution. 

As a check on the uniformity of the grain distribu- 
tion of the reclaimed sand, samples were taken at 
|14-hr intervals during the course of a 16-hr run, as 
the sand was being discharged into the storage bin. 
The range of the grain distribution is shown in the 
charts of Fig. 5 and the variation in the amount of 
fines and of clay content is shown in Fig. 6. The 
amount of variation is within the expected range and 
reflects differences to be expected in sampling and 
analysis as well as any real differences in the sand it- 
self. Certainly the amount of fines (through the 100- 
mesh screen) and the level of clay content reached 
are unexpectedly uniform over the period under ob- 
servation. 

Green Properties of Reclaimed Sand 


The green properties of the sands prepared from 
the reclaimed sand should also afford a good measure 
of its ability to replace new sand and this has been 
found to be the case. 

In Figs. 7a, b, and c are presented quality control 
charts, taken from the authors’ files, showing mois- 
ture, permeability, and green bond control for the 
period of February-May, 1952. The charts are of the 
conventional X and R type, using fixed control lim- 
its. Each individual point represents the average val- 
ue for the 8-hr turn and may be the average of 20 or 
30 determinations from that turn. These points are 
plotted as groups of four values and the average for 
each group is shown as a circle. As long as these aver- 
age points stay within their control limits, and _fluc- 
tuate about the average value, and as long as the 
process is operating at the desired levels we are satis- 
fied that it is in control. Our experience has been 
that the use of reclaimed sand lent itself to very good 
control, of which these charts give a typical picture. 

The same is true for the results on core sand, when 
uniform conditions are maintained, as shown in Figs. 
8a, b and c. The period of time represented is essen- 
tially the same as for the facing sand charts. Here, 


again, the data are presented as X and R charts, using 
fixed limits. In this case, however, we have intro- 
duced a new variable during the period in the form 
of using new sand for a couple of weeks because the 
supply of reclaimed sand ran very low. The effect of 
this new sand on all the properties is quite evident 
and interesting. When the reclaimed sand was used 
again, the moisture and bond settled down to the level 
and range that they had previously held. The per- 
meability level stayed slightly higher after the re- 
claimed sand was resumed, but it finally drifted back 
inside the control limits, as shown, 

It will also be noted that near the end of March 
the moisture level was purposely changed, with the 
attendant increase in green bond as shown. The de- 
gree of control of the physical properties using re- 
claimed sand is entirely satisfactory and the molding 
characteristics are also acceptable. 

An interesting example of variations that can be 
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encountered in the operation of the reclamation sys- 
tem, was that of the difference in the moisture level 
of the sand leaving the system when the scrubber 
was being used and when it was out of the cycie for 
repairs. Typical data are shown in Fig. 9. Here are 
plotted, as daily average values, (and not as quality 
control charts) moisture values from three locations: 
(a) out of the reclaim unit; (b) out of the storage 
bin and into the drier; and (c) out of the drier and 
into the muller. 

The arrows indicate the dates on which some sand 
from the scrubber was put back into the cycle arid 
that on which 100 pct of the scrubbed sand was again 
being used. No other known changes were made, yet 
it is quite evident that the moisture level, out of the 
reclamation unit, of the scrubbed sand is holding 
quite uniform at a level of about 8 pct, while with- 
out the scrubber, it was fluctuating considerably at a 
level of about 9 pct. It would seem as if the scrubbed 
sand, being a somewhat “cleaner” sand, drains a 
little better than the washed sand. This effect is 
further accentuated in noting the amount of water 
lost during storage, as shown on the chart, although 
the moisture loss in the bins probably depends to a 
greater extent on weather conditions and tempera- 
tures. 

The data which the authors have gathered seem to 
indicate that the moisture loss in ‘the drier itself is 
approximately 70 to 75 pct of the incoming moisture 
regardless of the initial level. A more uniformly dry 
and a drier sand is produced from the scrubbed sand 
and this is of great importance in setting up the mois- 
ture control procedure for the mill men. It has re- 
sulted in considerably improved moisture control in 
both the facing and core sands. 

It also was observed that when scrubbed sand was 
used instead of merely washed sand, the moisture 
level of the core mixes could be lowered perhaps 0.5 
pct as shown in Fig. 10a and still produce satisfac- 
torily hard cores. The attendant drop in green bond 
with moisture, is shown in Fig. 10b, which drop was 
corrected by the addition of more cereal to bring the 
bond up to its former level. The introduction of the 
scrubbed sand also changed the permeability, as 
shown in Fig. 10c. No attempt was made to control 
the permeability, but it was allowed to assume its 
level and new control limits were then established at 
this level. 

Surface of Reclaimed Sand 

These examples have been cited as typical operat- 
ing’ situations that have been encountered in the ap- 
plication of the reclamation unit. When proper con- 
trols are applied, advantage can be taken of the prop- 
erties of the washed sand to produce excellent sand 
mixes. In fact, the operating men prefer this sand to 
new sand from the viewpoint of flowability and ram- 
ming. Apparently the little spots on the sand grains, 
mentioned earlier in this discussion, act to “key” 
the bonded grains together more firmly than do the 
smooth surfaces of the new grains. This is a charac- 
teristic that it is hard to measure but one which is 
very real to the men who are molding with the sand. 

The use of the reclaimed sand has also been re- 
flected to some extent in the baked properties of the 
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cores produced. The authors use the transverse test 
(instead of the more commonly used tensile test) for 
measuring the baked strength of the cores, averaging 
the results of three test specimens from each mill of 
sand so tested. 

In Fig. 11 are shown data representing a period 
before the reclamation unit went into operation as 
compared with data from similar period after the 
unit went into use. The results are not exactly com- 
parable because the sand mix was also changed when 
the reclaimed sand became available as shown in 
Table 2 and these changes partly account for the 
change in level in baked strength. 


Tasie 2—Core SANp Mixes Usep BEFORE AND AFTER 
INSTALLATION OF RECLAMATION UNIT 





Before After 
New (washed) Sand, Ib—1800 Reclaimed Sand, lb 2000 
Heap Sand, Ib — ae Cereal Binder, Ib - we 
Cereal Binder, Ib — 30 Synthetic Resin, gal - | 
Synthetic Resin, gal — 1 Core Oil, gal - § 


Core Oil, gal — § 





The charts show that the green bond level and the 
moisture level remain fairly constant for the two 
types of sand but the baked strength of the reclaimed 
sand shows a marked increase. Part of the reason 
undoubtedly is the effect of the use of 200 lb of heap 
sand which was added to the new sand to give green 
strength but which acted as an inert, fine material so 
far as baked strength is concerned. Sufficient green 
strength was developed in the use of washed sand 
without the addition of this heap sand and wiien 
the scrubbed sand was used later on there was no 
need for the core oil addition to combine with the 
inert material. 

As a general observation, cores made using re- 
claimed sand are equal to or better than those made 
using new sand and, as noted above, the reclaimed 
sand flows better and rams more easily than the new 
sand. 

While the authors have not made any test cast- 
ings to evaluate scabbing, etc. (such as described by 
the Steel Founders’ Society,® inspection of their cast- 
ings has indicated that there was no marked difference 
between the castings made before and after the start 
of the reclamation unit. Neither has there been any 
indication of a change in scrap level that could be 
attributed to the change in sand practice. As noted 
above, the reclaimed sand seems to ram more easily 
than new sand and it is the opinion of some of our 
people that the casting surface is improved by its use. 


Reclamation Unit Operating Precautions 


In the use of any equipment such as this, there are 
always operating precautions which help to make 
for better operation. Among’ such precautions may 
be mentioned such items as (a) maintaining a reason- 
ably uniform rate of flow of sand to the unit; (b) 
maintaining a fairly uniform thickness of cake on 
the vacuum filter table; (c) disposal of the waste 
water produced in a manner that will be satisfactory; 
(d) maintaining good housekeeping around the unit. 

These are among the factors that obviously require 
consideration in the efficient operation of the unit, 
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but there are many others that should be measured 
and controlled. For example, it is evident that when 
the water and sand input are set for one rate; any 
interruption in the sand input will markedly change 
the sand:water ratio as well as markedly decrease the 
amount of sand reclaimed by the unit. Changes in 
the sand:water ratio will be finally reflected in the 
moisture content of the sand as discharged from the 
unit and this, in turn, is reflected in the moisture 
of the sand out of the drier as has been indicated. For 
example, we had two operators, working alternate 
turns, one of whom (Operator A) was able to control 
the moisture level out of the unit fairly consistently 
under 8 pct, while the other operator (B) fluctuated 
markedly, as shown in Fig. 12. A study of B’s work 
showed that he was somewhat careless about main- 
taining a uniform flow of sand into the unit. If a 
batch of cores were sticking in the feed hopper he 
would wait an unduly long time before he broke 
them loose. After some discussion with him and alter 
some operating changes were made, his operation 
improved until it equalled A’s operation, as shown in 
Fig. 12. 
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Similarly such interruptions in sand feed and simi- 
lar difficulties act to change the thickness of the cake 
maintained on the rotary pan drier and this in turn 
affects the operation of the unit. Thus, when the cake 
thickness is about 2 in., the unit is operating norm- 
ally. If the thickness drops to | in., the amount olf 
sand being reclaimed materially drops and an un- 
usual amount of fines are removed from the sand 
thus changing its grain fineness and causing an undue 
waste of such material. 

As for any mechanized operation, it is desirable to 
maintain a system of careful measurements of the 
various critical steps in the process and to keep these 
charted preferably in the form of quality control 
charts. In this way, a constant picture of performance 
is maintained. 

Disposition of the waste water produced is perhaps 
the problem of most concern to many users because 
they cannot discharge it into a sufficiently large body 
of water to minimize the effect of the solids that are in 
suspension. The volume of water to be handled is 
also a factor, amounting to perhaps 100 gallons per 
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minute of waste water in a unit that is circulatin; 
300 gallons per minute. Many installations include 
a settling tank of some kind which permits the re 
moval of a large percentage of the solids, but ever 
with a scheme the water that goes into the sewer ma‘ 
contain as much as 15,000 to 35,000 parts per million 
of solids. In many situations this solids ratio is stil! 
too high and additional steps may be required t 
lower it to an acceptable level. 

For example, the idea has been tried of adding a 
flocculant (such as lime water and powdered alum) 
to increase the settling rate of the fine solids with 
varying degrees of success. There is no good evidence, 
so far as the writers know, of the efficiency of such 
an operation so far as the sludge removal is con 
cerned. 

Other schemes have been tried, such as that of re 
circulating all the water in a closed system. Thfs 
particular scheme is open to the objection that the 
fine solids will build up to a point that will be pro- 
hibitively high with the attendant troubles in the 
core and foundry practice mentioned previously in 
the discussion. 

As with any operation involving the handling of 
sand and water, there is always the problem of good 
housekeeping involved. However, by careful and in- 
telligent use of the proper type of containers for the 
waste products and by the proper maintenance of the 
equipment involved, spillage and splashing of the 
sand and water mixture can be kept to a minimum. 
On the other hand, there is practically no dust prob- 
lem involved. Complete mechanization of the hand- 
ling of the sand in and out of the unit is also a great 
help in simplifying the problems of housekeeping. 

No attempt has been made to present comparative 
operating costs because it is felt that it would be 
difficult to set forth cost data that would be mean- 
ingful to some one else. Each plant operates under 
different conditions of location, equipment, type of 
production, tonnage and labor rates, to name only a 
few of the factors and, to a great extent, the costs 
themselves are figured on different bases for most 
operations. Suffice it to say that the installation of 
the reclamation system has been economically justified 
as well as technically satisfactory in our opinion, 

We would repeat that, as with any production set- 
up, the unit cannot be expected to run itself. It oper- 
ates most efficiently when controls are intelligently set 
up and maintained. Some examples of such controls 
and of the results obtained by applying them under 
the conditions prevailing at our shop have been set 
forth. Additional work along this line is contemplated 
and will undoubtedly add to the efficiency of opera- 
tion of this unit. 
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DISCUSSION 


Chairman: T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman: G. M. EtTHERINGTON, American Brake Shoe 
Co., Mahwah, N. J. 

Recorder: R. W. BENNETT, Walter Gerlinger, Inc., Milwaukee. 

MemBER: What is the source of the sand going to the re- 
claimer? 

Mr. JOHNSON: All of the used sand (from the several shake- 
outs) is returned by continuous belts to the sand preparation 
department. Here it passes over a magnetic pulley to remove 
any magnetic material that may be left in the sand and then it 


goes through a rotary screening barre] to remove the lumps. It 
passes over another magnetic pulley to further insure freedom 
from magnetic material and then it can go either into storage 
hoppers or directly to the reclamation unit. The lumps which 
were removed in the rotary barrel all go to the reclamation unit. 

As noted in the paper, only one base sand is used in the 
shop and, therefore, there is no problem of keeping sand from 
different systems separated or of furnishing one type of sand to 
the core department and another type to the foundry. 

J. A. RAssenFoss:* How effective is the wet lumpbreaker? 

Mr. JoHNSON: There is about 5 per cent loss at the lump- 
breaker. 

D. G. JeNncks:* What is the maintenance cost of the re- 
claiming unit per ton of sand processed? 

Mr. JoHNson: About 25 per cent of the cost of operation of 
this sand reclaiming unit represents maintenance cost. 

W. R. Jennincs:* For operating a similar unit we require 
one operator and one maintenance man to process 300 tons of 
sand per day. 

D. E. Matruieu: * What is the cost of reclaiming sand per ton? 

Mr. JOHNSON: The cost of reclaiming sand in this unit is less 
than the estimated $2.00 per ton, all costs considered. 

MemMsBeR: Is heat from the melting unit used for drying? 

Mr. JOHNSON: No, we have a rotary dryer for this purpose. 
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SAND RECLAMATION 


WITH THE COMBINATION SYSTEM 


By 


G. H. Curtis* 


In recent years foundries have become more and 
more interested in the possibilities of reduced operat- 
ing costs by conservation of foundry materials. Found- 
ry sand has come in for its share of developmental 
work for the purpose of determining the most suitable 
method of recovering the waste sand and making it 
repeatedly useful. Although sand is one of the most 
abundant materials, we all know that industry's de- 
mand for quality castings necessitates the use of a 
sand that is not always locally available; and in fact, 
it may not be available in nature without some degree 
of processing. With the trend toward quality control 
many foundries have insisted on properly classified 
sand and are prepared to pay premium prices and 
high transportation costs to make the ideal sand 
available for their use. 

It is not logical, once money and energy have been 
spent in obtaining the proper sand, that sand should 
be discarded after one cycle through the casting pro- 
cess. For this reason the reclamation of the waste sand 
has great value to the foundries’ management; first, 
because it can produce sand at a lower cost than new 
sand, and second, because excellent control may be 
maintained over the properties of the sand. 

The purpose of this paper is to high-light the im- 
portant steps of sand reclamation with the combina- 
tion system of wet-scrubbing and burning, also to 
indicate the possibilities and limitations of the ther- 
mal method alone. 


Benefits of Reclamation 


Much has been written in literature in regard to 
the benefits of reclaiming refuse sand and no attempt 
here will be made to repeat what has already been 
said. Undoubtedly the two most important factors 
which are weighed in any consideration of sand re- 
clamation are: (1) the lower cost of a ton of reclaimed 
sand and, (2) the control of sand properties which the 
foundries may maintain with a closed sand system. 

There are many additional reasons for a foundry 
to install a reclamation system. Some of these are of a 
specific nature, arising out of a geographical location, 
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the amount of space available and transportation {a- 
cilities. 

The most tangible benefit is, of course, the dolla: 
saving that can be made by the substitution of re- 
claimed sand for new sand. There is little doubt, in 
the face of accunaulating evidence, that sand reclama- 
tion does not provide substantial savings for the 
foundry which is not situated strategically to its sand 
source or which uses large quantities of sand. To the 
foundryman who wants the most for his dollar, the 
combination system offers the best investment by rea- 
son of the fact that he is getting the highest quality 
for the invested dollar. 

One of the intangible benefits of sand reclaiming is 
the ability of the foundry to maintain a constant grain 
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distribution over a long period of time. Because the 
rain distribution is constant, and the sand is nor- 
mally dry when it is conveyed to storage, excellent 
properties at the mill are possible. This permits of 
consistent quality of mulled facing and core sand, and 
improves casting quality, at least in so far as sand 
contributes to quality. 

The sand reclamation system that is properly de- 
signed should be capable of producing a sand that is 
equivalent to new sand, and should produce such a 
sand at a much lower cost. The degree of cleanliness 
required in the sand will be dependent upon the ulti- 
mate use to which it will be put. For a broad range 
in size and weight of castings, and for widely different 
bonding materials, the aim should be the removal of 
all deleterious substances which the sand has picked 
up during the casting process. If the foundry has made 
it a practice to purchase a clay-free, organic-free sand 
when they are buying new core sand, it would seem 
logical to expect that similar specifications should be 
used for a sand produced by themselves. The com- 
bination system, with its wet-scrubbing and high tem- 
perature burning, will produce such a sand. 

Figure | is a photomicrograph of a steel foundry re- 
claimed sand after removal of clay and organic matte) 
by the combination system. Note the brilliance of 
some of the silica grains. The actual color is tannish 
white. 

Principle of the Combination System 

Foundry sand is subjected to a wide range of tem- 
peratures and heat shock. The facing sand at the 
metal-sand interface, comes into contact with the 
highest temperatures; and, at this point, the organic 
is partially oxidized and the clay is dehydrated. The 
organic constituents in the cores are partially burned, 
and the core disintegrates. At a greater distance from 
the metal-sand interface, the dehydration of the clay 
is not as complete, however, sufficient temperatures 
exist to bake the clay bond. Organics are present in a 
charred state. 

The purpose of a proper reclamation system would 
be the removal of all these partially dehydrated clays 
and partially oxidized organics. The manner by which 
the combination system accomplishes this will be de- 
scribed. 

The first phase consists of a swelling and softening 
of the clay bond in water combined with a scrubbing 
action. By the abrasive action of sand upon sand, the 
clay is separated from the grain and made ready for 
removal in a classification step. 

The second phase of the combination system is the 
removal of the organic matter still present and un- 
affected by water treatment. The organic, whether it 
be oil or resin, is nearly impervious to water. Some 
of this matter is removed in the wet-scrubbing phase 
chiefly by attrition. This being so, the cleanliness of 
the sand after the first phase is a function of the grain 

shape. A round smooth sand of the Ottawa type will 
be cleaner than an angular sand such as the many 
lake sands and the silica sands in the East. 

In this second phase the carbonaceous matter is 
merely burned off in an oxidizing atmosphere. The 
cleanliness of the final product is complete, and in no 
way dependent on grain shape. 















The principle behind the combination system is 
the removal of clay by water-scrubbing and the oxida- 
tion at high temperatures of the organics which are a 
residuum of the wet-scrubbing phase. 


The Combination Process 


A flow diagram of the combination system is shown 
in Fig. 2. 
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Fig. 2—Flow diagram of reclamation process. 


Waste sand has several sources in the foundry. Ex- 
cess shake-out sand, core butts, core knockout sand 
and floor sweepings are all combined in many reclam- 
ation systems prior to processing for re-use. Generally 
it is the practice to put this sand over a scalping screen 
and through a breaker barrel, to reduce the lumps to 
the proper size. Lumps that are not broken up in the 
first pass through the breaker can be crushed by a 
hammer-mill or merely recycled through the barrel 
till they are reduced. 

In this preparatory step it is also necessary to re- 
move iron chills, core rods, wires, etc., either on pick- 
ing belts, magnetic pulleys or screens. 

The crushed sand is stored in a hopper from which 
it is fed at a controlled rate to the reclamation system. 

In some cases, the sand may be conveyed hydrauli- 
cally after it has been crushed. In this instance, the 
sand would be stored in a wet condition and with- 
drawn from the wet storage tank at a controlled rate 
by means of a pump. 

The sand is now ready for the reclamation process, 
the first step of which is the scrubbing. 








Scrubbing 


The clay binder is loosened from the sand grains by 
intensive stirring action in water. The scrubbers are 
cylindrical steel tanks, ranging from 3 ft in diam to 6 
ft, in which is mounted a vertical shaft and propellor. 

In order to control the circulation within the tank, 
reduce short-circuiting to a minimum and to permit 
repeated contact of grains, the scrubbers are equipped 
with a mechanism which allows a vertical and hori- 
zontal rotary motion. Recirculation is controlled by 
raising or lowering a weir, thereby controlling the 
amount of slurry which is permitted to pass over the 
propellor. This recirculation principle provides a 
relatively lengthy period of contact of sand grain upon 
sand grain, until eventually the sand finds its way 
out of the scrubber through an outlet at the top or 
through a sand relief pipe. 

The concentration of the slurry is about 50 per cent 
solids and 50 per cent water. Variations in concentra- 
tions have been tried with very little data to indicate 
that the ratio of solids to liquid is crucial. The 
slurry, at the point of discharge contains the clay, 
some organic matter in suspension and the cleaned 
sand grains. 

The only function of the scrubbing step is to re- 
move by abrasion the clay from the grain, therefore, 
the cleanliness of the water used for scrubbing is not 
too important. Reconditioned or process water may 
be so used if clear water is costly. 

Because the difficulty of freeing the clay from sand 
varies with the type and amount of clay used, and 
with the temperature to which the sand has been sub- 
jected, it is customary practice to provide at least two 
scrubbers in series. Multiple scrubbers have the effect 
of increasing the time of residence in the units and 
insuring that all the sand will get the proper treat- 
ment. 

The effluent from the last scrubber in the series is 
pumped to a hydraulic classifier where actual separa- 
tion of clay and sand is accomplished. 

The scrubbers are well designed for the heavy duty 
which they perform with a consequent low mainten- 
ance cost. A relatively slow speed shaft is used, but 
with a large propellor, high peripheral speeds are 
possible. The sand, as it passes over or near the pro- 

pellor, receives a thorough scrubbing action. The pro- 
pellors are of molded rubber construction which has 
proved to give longer life than castings. No bearings 
are submerged; yet despite the length of free shaft 
there is little “whip’’ to cause vibration and higher 
maintenance costs. 


Classification 


The classifier is of the “hindered settling’’ principle 
in which sand, of different particle sizes, is permitted 
to settle in an upward-moving column of water. In 
the real sense we are not interested too greatly in 
“classification.”” There is no attempt made to divide 
the whole body of sand into several categories of par- 
ticle sizes. Rather than true classification, there is a 
separation here between the very fine fraction, consist- 
ing of minus 200 mesh, and the desirable grain sizes 
of 12 to 200 mesh. 

Separation at predetermined particle sizes is pos- 
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sible by controlling of the counter-flow water. Wit! 
the installation of flow-meters or venturis it is 
simple matter for the operator to control the fineness 
of the end-product. 

The fine silica sand, clay and any other substances 
which are floated off in the over-flow water go to a 
collecting box for further treatment. The sand sti! 
in a slurry is pumped to a mechanical de-watering 
device. 

Before the final burning operation there is one 
more intermediate step. From the standpoint of oper- 
ating costs it is oftentimes cheaper to de-water by me- 
chanical means rather than using additional fuel, and 
for this reason one of several de-watering mechanisms 
is used. It is possible to reduce moisture in scrubbed 
and classified sand to approximately 6 to 8 per cent 
by centrifuging or filtering. By natural drainage, over 
a short period of time, the moisture is reduced to 20 
to 25 per cent. The selection of one method over an- 
other is a matter of judgment and capacity of the 
plant. 

Once the moisture in the sand has been thus re- 
duced to the economical minimum the sand is ready 
for drying and burning. 

A word should be said here about possible waste 
water treatment. If sewer protection is the decisive 
consideration it is merely necessary to remove all set- 
tleable solids. This may be accomplished by collecting 
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Fig. 2A—Sectional diagram of a multiple hearth furnace. 
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ail the waste water from the classifier and the filtrate 
concentrate, and pumping this water through a 
centrifugal type of classifier. This unit will remove 
i of the coarser grains of sand, and most of the 140- 
“00 mesh material. The effluent from the centrifugal 
iype classifier will be black in color, due to the sus- 
pension of colloidal matter, but any solids which 
would normally settle will now be discharged from 
ihe centrifugal type classifier as a thick mud. 


Burning 


The final step in the reclamation of sand by this 
process is the heating up of the sand to a temperature 
of 1200-1400 F in an oxidizing atmosphere for the 
purpose of removing all the organic matter that is 
present. For this operation a multiple hearth furnace 
is employed. Figure 2A is a sectional view of such a 
furnace. This furnace consists of a vertical steel shell 
which is refractory lined. Within this lined shell ‘there 
are a number of self-supporting, refractory hearths 
properly spaced to permit combustion of the fuel 
within the furnace. The top-most hearth is generally 
an in-hearth, i.e. the material is moved through an 
annular hole at the center onto the next hearth below. 
Ihe second hearth is called an out-hearth since it has 
a number of drop holes located at the periphery of 
the hearth. On this hearth the material is rabbled 
from the center to the outside. The rest of the hearths 
are alternately “in’’ and “out” hearths. The sand is 
rabbled across these hearths by means of two or more 
rabble arms equipped with blades. The arms are at- 
tached to the central shaft which rotates slowly. The 
shaft and the arms are air cooled. 

Several burners are situated in the wall of the fur- 
nace on alternate hearths. Because it is possible to use 
a large number of small burners, excellent fuel econ- 
omy is possible, with the furnace zoned according to 
the process requirements. For instance, it is possible 
to burn fuel on the middle and lower hearths and rely 
on the products of combustion on the upper hearths 
to evaporate the moisture from the sand being intro- 
duced at the top. As the sand progresses through the 
furnace, the moisture is removed and the sand is 
heated to approximately 1200 F by which time all the 
organic matter has been oxidized. 

On each hearth the sand takes the form of several 
ridges which are continuously turned over, thus ex- 
posing new areas to the oxidizing gases as the shaft 
and rabble arms rotate. The result is the final elimin- 
ation of all the substances which should be removed 
during the reclamation process. . 

Upon discharging from the multiple hearth furnace 
the sand must be cooled to a temperature which will 
~ermit proper mixing with binders and tempering 
water. This cooling operation may be accomplished 
in a vertical type heat exchanger using water or air. 
Another means of cooling is with the rotary drum 
through which is drawn a large amount of cooling air 
and into which is sprayed a predetermined amount 
of water. 

The cooled sand is now ready for storage and re-use 
in the core sand mixers. The sand has almost the 
appearance of new sand. It is free from clay and or- 
ganic matter; the fines have been removed. 









Special Applications 


The process as described above would apply to the 
iron and steel fqundry’s waste sand in which there is 
usually an indeterminate amount of clay to be re- 
moved. In recent years, however, particularly in the 
non-ferrous foundries, use has been made of dry sand 
molds. In such cases there is not likely to be any clay 
used and reclamation of the sand would involve 
merely the removal of organic matter. Where this 
particular situation prevails it is, of course, unneces- 
sary to wet-scrub the sand. The easiest way of re 
claiming this type of sand would be merely the 
burning off of the organics. This has been done in 
several aluminum foundries and has been reported in 
the literature. In these cases the fuel consumption is 
remarkably low and the recoveries are remarkably 
high. In one case 96 per cent of the sand that was 
put into the system was recovered. 

Another special application for the thermal method 
is in the new field of shell molding. The general 
practice has been to use a high grade of sand of very 
fine particle size. This sand is bonded with resin type 
binders. Because of the fact that only organic binders 
are used, it is a simple matter of crushing the unused 
or incompletely burned shells and burning the sand 
in an oxidizing atmosphere to remove completely the 
partially oxidized resins. The resultant product would 
be exactly the same as the new sand purchased. 

Even though the amount of sand used in shell mold- 
ing installations may be small, the cost of the sand 
makes it economically feasible to recover. The ther- 
mal method would obviously be the logical method of 
removing a cured-plastic binder which is more imper- 
vious to water than to heat. The reclamation system 
is reduced to merely the single operation of burning 
the crushed sand. Small furnaces are available to 
meet the requirements of a shell-molding installation. 

To summarize, the combination system of wet- 
scrubbing and thermal treatment is desirdble wher- 
ever the possibility exists of clay being present in the 
waste sand. This would be true of most iron and steel 
foundries. The thermal method alone has been suc- 
cessfully used at foundries employing dry sand cores 
and organic binders exclusively. 


Advantages of Combination System 


Of the many values attached to the reclamation of 
sand probably the most important one to the metal- 
lurgist and the superintendent is the excellent control 
over sand properties that he can exercise with the 
reclamation system. Control is important in these 
days when casting finish and dimensional accuracy are 
emphasized. Normally new sand is purchased for use 
in the core room; and when we talk of reclaimed sand 
properties, we should consider those properties in 
relation to core room usage. 

When new sand specifications are used, these speci- 
fications generally cover such characteristics as grain 
size, organics and clay. A reclaimed sand should have 
similar characteristics if it is to replace the new sand 
in the core room. The combination system of which 
we speak here can provide a sand meeting new sand 
specifications with certain qualifications as to grain 
size. This latter characteristic will depend much upon 
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the number of different sands used in the foundry, 
consequently the degree of blending that takes place 
at the waste sand discharge point. 

With reference to control over gas-forming proper- 
ties of sand it is quite obvious that organics are re- 
duced to zero in the burning process. The sand is 
subjected to temperatures in the range of 1200 F to 
1400 F and an oxidizing atmosphere. With a gas-to- 
solid contact, there is a complete oxidation of carbon. 
There can be no accretions in the niches of the angu- 
lar sand grains. The result is the complete removal of 
organic material on each cycle through the casting 
process and the reclamation system. 

Wet-scrubbing often leaves residual carbon up to 
2.0 per cent. The organics remaining in the sand, will 
of course depend on the nature of the sand, i.e. 
whether it is round and smooth (Ottawa silica) or 
angular (lake sand). When one adds core oil and 
cereal flour to bond the sand, one is adding a deter- 
minate amount of organics to an indeterminate 
amount already coating the grain. In the system em- 
ploying burning, this organic does not present an 
indeterminate quality. It is merely removed. To 
some foundries the matter of residual organic is not 
one of concern; to others, it is of considerable im- 
portance. 

There is a second criterion to judge the quality of 
reclaimed sand, and that is tensile strength. There 
are some who consider this differentiation of greater 
importance. 

The burning procedure affects the tensile strength 
in varying degrees. The extent of improvement, if 
any, due to burning was determined quantitatively in 
the laboratory. The sands were representative of both 
steel and iron foundries. Since this phase of the inves- 
tigation was concerned with the effect of burning on 
tensile strength, only those sands that were originally 
wet-scrubbed were investigated. 
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Fig. 3—Tensile strengths of a steel foundry sand showing 
effect of burning in the reclamation procedure. 
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The sand, as received, containing variable percent- 
ages of carbon up to 2.0 per cent, was burned in a 
single hearth furnace. Upon heating for | hr, the 
sand was discharged, cooled and screened through a 
12-mesh sieve. Wet-scrubbed sands and burned sanc's 
were bonded with oil and cereal flour. The tensiie 
briquets were baked at 425 F in a core oven. Tle 
tensiles shown in Fig. 3 are averages of five cores, and 
were confirmed in several tests extending over «s 
many days. The portion of the column identified «s 
“A” in the tensile strength developed by wet-scrubbing 
and the part marked “B” is the additional strength 
developed by burning. 

Improvement in other sands varied but it was 
usually the case that this improvement in tensiles was 
possible. 

It is theorized that the removal of the partially oxi- 
dized film which imparts the black color permits a 
better bond between the new oil film and the clean 
grain itself. It may be possible also that the speed 
and degree of wetting of the sand is improved when 
the organic deposit is removed. 

The improvement of tensile properties with the 
burning operation would apply to oil-cereal bonded 
cores. The improvement may not be so marked when, 
as is common in steel foundry practice, clay is added 
to core sand mixtures to develop the necessary green 
bond. Normally high tensile strengths are then sacri- 
ficed for greater green strength. But in either case 
the tensile strength developed per quart of oil is 
greater when a completely burned sand is employed. 

The control of permeability is another plus value 
for the foundry using a reclaimed sand. It is com- 
monly known that it is not always possible to get sand 
at the required time with the required fineness char- 
acteristics. With a reclaimed sand in a closed sand 
system, it is possible to maintain excellent coritrol 
over fineness, and thus permeability of the sand mixes. 

In the author’s experience with a sand reclamation 
system it was found over a period of several years, the 
permeability of the core sand mixes varied only by a 
few points. The system was made up of a blend of 
silica and lake sands in approximately equal propor- 
tions. New sand, in the form of the coarser silica or 
the finer lake sand, was added periodically to replace 
the sand lost in the casting process. In this specific 
case the loss was only about 5 per cent, yet with these 
small additions constant permeabilities could be 
maintained. 

More recently a steel foundry has reported control 
of fineness which is most unusual. Figure 4 shows the 
close relationship between the finenesses of new sand 
of two grades and two screened products of a com- 
bination reclamation system. 

In this particular system a burning operation fol- 
lows the wet-scrubbing and classification. The re- 
claimed sand is passed through an air classifier of the 
cascade type. The finer fraction is collected on one 
conveyor belt and the coarse fraction on another belt. 
Fineness of these two fractions are nearly identical 
with the two grades of new sand purchased. 

In the foundry where such separation is not war- 
ranted the blend could be classified to meet the re- 
quirements, and new sand of coarser or finer grade 
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Fig. 4—Grain distribution in new and reclaimed sands. 


added to the system to make up losses. The degree of 
classification will effect the percentage of recovery 
since the more sand discarded requires more new sand 
make up. The foundry whose practice is mentioned 
above is recovering 80 per cent of the sand sent to 
reclaiming. 


Cost of Reclaimed Sand 


To the foundry management, the cost per ton ol 
reclaimed sand offers the most important incentive for 
reclaiming. 

The highest proportion of cost in reclaiming is in 
labor and fuel. Since the labor required is more or 
less a fixed quantity, the larger the system, the lower 
this particular cost. Two very large thermal systems 
reclaimed sand for a cost of approximately 50 cents 
per ton. In one case the cost of new sand was over 
$5.00 per ton and in the other the cost was only a 
little above $1.00 per ton. Needless to say, they both 
could be amortized over a short period. In both cases 
two operators were responsible for the system which 
actually required very little attention. As the system 
becomes more complex, the labor cost increases slight- 
ly. The cost of sand in a steel foundry reclaimer of a 
capacity of over 4000 tons per month is reported to 
be approximately $1.39 per ton. 

As for fuel costs this is variable according to the 
fuel used and the distance from good fuel sources. 
Ihe fuel cost of a wet-scrubbing system in one sec- 













tion is equivalent to the fuel cost of a burning system 
in another location. In other words one plant can 
burn sand as cheap as another can dry sand. Fuel 
consumption is influenced, of course, by the thermal 
efficiency of the dryer or furnace. The multiple hearth 
furnace may be direct-fired with small burners situ- 
ated in the walls of the furnace. Heat may be applied 
in zones where it can best be utilized, thus higher effi- 
ciencies are possible. 

Although the theoretical heat requirements are 
greater for the combination process than they are for 
a drying system, the selection of equipment and oper- 
ating procedures can and do equalize the costs. One 
steel foundry is burning 8.8 gallons of oil per ton of 
sand while another foundry is using slightly more 
for its drying operations. 

Regardless of the specific costs it is quite evident 
that costs of reclaiming are well below those of new 
sand in many cases. 

Space Requirements 


One other question often asked concerns the space 
requirements for a reclamation system. Because of the 
nature of the equipment used in the combination 
system, it requires little floor space and takes advan- 
tage of vertical space. One system has been installed 
in a 15-ft wide bay of a building and extends about 
24 ft along this bay. 

By vertical alignment of equipment it is possible 
to use gravity flow and reduce equipment and power 
costs. Generally two pumps can take care of all fluid 
flow. Gravity takes care of the rest of the material 
flow through the system. 


Conclusion 


The purpose of this paper has been to outline the 
various steps in the combination system of reclaiming 
sand, and to focus upon the quality of the product 
with the final step of burning at high temperatures. 
From the standpoint of a quality sand, as measured by 
tensile strength, fineness and residual substances, it 
has been indicated what part the burning phase has 
taken in the cleaning of the sand. From the stand- 
point of operating costs, it has been indicated by 
actual commercial installations that the cost of ther- 
mally reclaimed sand is much less than new sand and 
sometimes less than the drying of sand. From the 
standpoint of real estate, the compactness of a verti- 
cal system offers a definite advantage. 
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GRAPHITIZATION IN THE MALLEABLE IRON INDUSTRY 


H. A. Schwartz, W. K. Bock and J. D. Hedberg 


ABSTRACT 


This paper does not seek causes and effects but only the quan- 
titative relations expressing graphitizing rate in terms of the 
observable chemical and operating variables in cupola-air furnace 
duplexed malleable. 

Graphitization is studied during freezing (mottling), in “first 
stage” gamma iron or supercritical heat treating, in the region 
where the gamma iron solid solutions decompose into alpha iron 
and graphite, here called “intermediate stage” annealing; and 
briefly in “second stage,” i.e., subcritical temperature annealing. 

Silicon is vastly the most important element. Its potency 
varies with changes in melting conditions which also affect 
nodule number, cupola carbon and cupola silicon. The effect of 
these variables in the potency of silicon is further modified by 
heating rate in annealing. Slow heating tends to make the 
potency in all materials more nearly alike. Changes in potency 
are closely paralleled by changes in nodule number. 

Although observed relations show no statistical evidence of 
error greater than the unavoidable observational error, they 
were not sufficient to give more than qualitative indications of 
the effect of other elements within the range of compositions 
encountered in the practice being studied. 


Introduction 


The importance of graphitization to the malleable 
foundryman is obvious. A considerable amount of 
literature on the subject has accumulated. In the 
1949 Williams’ Lecture for the I.B.F. one of the 
authors! cited 121 titles covering the more pertinent 
publications. Other papers have been published since. 

There are, in general, two avenues of approach to 
such a problem. Especially if one is interested in the 
elucidation of principles it is usual to choose the 
method of the controlled experiment, holding all 
conditions constant except the one variable whose 
effects are being studied. The method is admirable 
for such a purpose, only relatively limited experimen- 
tation is required and the resulting data are usually 
capable of unequivocal interpretation. Most of the 
publications from this and other laboratories are 
based on this approach. 

The other method is statistical. It does not pretend 
to control the experimental procedure but takes the 
results of an operation as it finds them and seeks to 
establish correlations between as many recognizable 
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operating variables as possible and the resulting chai 
acteristics. The advantages of this method other than 
that it furnishes a rather inclusive picture, are that 
it does not overlook the fact, as the controlled ex 
periment usually does, that the effect of a given vari 
ation in one property on another may not be unique 
but may depend upon many other environmental con- 
ditions. Its disadvantage is the labor and expense 
incident to a study of numerous samples. 

The present somewhat complete study of some 200 
or more specimens has required about 12000 hr of 
laboratory time. This was about % professional and 
¥, service; i.e., sample preparation, computation, 
supervision and the like. About three tons of speci- 
mens were poured. 

It is always well to examine the quantitative con- 
clusions of an experiment by comparison with the 
observational errors involved. This has been done in 
the present paper in much greater detail than in any 
previous investigation in this field of which we know. 

The purpose of this rather exhaustive work was to 
investigate the relation of all recognizable variables 
to the rate at which graphite would separate during 
the freezing of the white cast iron or during the 
several stages of the annealing process. It excludes 
variations in the annealing conditions, concerning 
itself only with the ability of the metal to precipitate 
graphite. 

Basic Assumptions 

Certain facts are regarded as acceptable without 
further proof for the purpose of this study. 

The eutectic arrest is significant in determining 
graphitization during freezing.” 

The expression Carbon + 2.85 log Silicon correctly 
expresses the relative effects of these two elements on 
mottling.® 

Logarithm of the graphite formed in a given time 
in first stage graphitization increases linearly with 
silicon concentration. This is probably true of other 
elements and for other stages. 

For properly chosen coordinates the log per cent 
completion of graphitization-time curve is the same 
for first stage graphitization for all white irons.56 

Our own unpublished observations lead us to 
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‘TaBLE 1.—(PLANT A) CHEMICAL COMPOSITION OF 











Harp [RON 
Boron 

Mark c,% Si,4% Mn,% S,% (0.001%) Cr, % 
L-3 2.53 1.06 0.50 0.125 4 0.043 
L-4 2.64 1.05 0.46 0.120 3 0.033 
L-6 2.59 1.05 0.41 0.131 3 0.034 
L-7 2.62 1.10 0.39 0.123 4 0.035 
L-8 2.60 1.14 0.46 0.125 4 0.030 
L-9 2.41 1.14 0.50 0.130 4 0.039 
L-10 2.59 1.14 0.41 0.129 4 0.039 
L-1l 2.55 1.09 0.40 0.123 3 0.048 
L-13 2.51 1.05 0.42 0.119 3 0.042 
L-14 2.36 1.04 0.42 0.119 3 0.045 
L-16 2.48 1.06 0.36 0.129 3 0.044 
L-17 2.47 1.07 0.41 0.117 2 0.046 
L-18 2.59 1.04 0.39 0.121 4 0.051 
L-19 2.56 1.17 0.42 0.121 2 0.043 
L-21 2.58 1.06 0.46 0.118 3 0.040 
L-23 2.49 1.07 0.51 0.121 6 0.040 
L-25 2.75 1.09 0.48 0.121 3 0.045 
L-26 2.66 1.07 0.49 0.122 3 0.034 
L-27 2.72 1.00 0.47 0.119 6 0.040 
L-28 2.50 1.00 0.40 0.109 3 0.035 
L-30 2.61 1.08 0.45 0.117 3 0.049 
L-32 2.62 1.08 0.47 0.113 3 0.045 
L-35 2.59 1.01 0.50 0.115 3 0.052 
L-38 2.65 1.06 0.46 0.115 7 0.032 
L-39 2.61 1.03 0.48 0.103 4 0.041 
L-42 2.54 1.04 0.44 0.110 4 0.039 
L-46 2.48 1.08 0.43 0.115 4 0.046 
L-47 2.37 1.02 0.41 0.111 2 0.035 
L-49 2.38 1.08 0.45 0.114 3 0.030 
L-24 2.58 1.08 0.48 0.131 3 0.040 
L-29 2.49 1.06 0.48 0.110 4 0.070 
L-31 2.64 1.03 0.44 0.114 3 0.041 
L-1 2.53 0.95 0.33 0.124 2 0.037 
L-2 2.52 0.87 0.33 0.125 2.5 0.028 
L-5 2.45 1.00 0.38 0.117 3 0.028 
L-12 2.59 1.24 0.45 
L-15 2.55 1.17 0.47 0.116 2 0.048 
L-20 2.52 1.18 0.49 0.115 2 0.036 
L-22 2.53 0.99 0.43 0.110 3 0.040 
L-33 2.45 0.84 0.36 0.116 3 0.038 
L-34 2.63 1.08 0.49 0.115 7 0.045 
L.-36 2.45 0.92 0.42 0.117 7 0.032 
L-40 2.59 1.17 0.50 0.110 
L-41 2.53 0.95 0.44 0.110 6 0.045 
L-43 2.52 0.95 0.41 0.109 3 0.038 
L-44 2.44 0.99 0.40 0.114 2 0.041 
L-45 2.58 1.17 0.47 0.114 3 0.039 
L-48 2.46 0.95 0.37 0.109 2 0.034 
L-49 2.36 1.07 0.45 0.114 3 0.030 
L-50 2.42 1.06 0.44 0.115 0.032 
L-51 2.32 0.83 0.35 0.113 1 0.032 
L-52 2.48 0.95 0.43 0.116 2 0.035 





accept as a usable first approximation that in inter- 
mediate and second stage graphitization the log per 
cent combined carbon decreases linearly with time. 

The log per cent completion of first stage graphi- 
tization should be proportional to the % power of 
the number of nodules per unit volume’ or directly 
proportional to the number per unit area.*.® 

Graphitization is enormously rapid between A, 
stable and A, metastable.1° The metallographic 
changes in this region have been described.™ 

The metallographic consequences of the cooling 
rate through this region are of enormous effect on 
subcritical graphitization.!* 

The laws of propagation of error are developed in 
many texts!® and those governing the significance of 











TasBLe 2— (PLANT B) CHEMICAL COMPOSITION OF 


Harp [RON 








Mark C.% .SiL% 

C-3 2.43 1.22 0.50 
C-4 2.52 1.22 0.47 
C6 2.47 129 053 
C-8 2.51 1.17 0.50 
c-9 2.47 126 0.55 
C-10 2.45 1.17 0.45 
C-14 2.45 1.24 0.44 
C15 2.42 1.22 0.49 
C-18 2.52 1.12 0.43 
C-22 2.49 1.12 0.48 
C-24 2.43 1.20 0.46 
C-25 2.46 1.27 0.45 
C-26 2.52 1.25 0.44 
C-27 2.44 1.26 0.50 
C-28 2.51 1.13 0.47 
C-33 2.43 128 0.50 
C-34 2.49 109 = 0.44 
C-35 2.48 1.23 0.48 
C-37 2.40 1.22 0.49 
C-38 2.45 1.20 0.48 
C-40 251 120 0.42 
C-42 2.51 1.17 0.50 
C-44 2.49 1.18 0.45 
C-45 2.43 1.35 0.45 
C-47 2.39 1.21 0.48 
C-48 2.49 1.18 0.48 
C-49 2.45 1.24 0.48 
C-50 2.54 1.16 0.45 
C-52 2.46 1.20 0.42 
C-56 2.45 1.09 0.45 
C-58 2.65 1.09 0.48 
C-60 2.59 1.18 0.44 
C-61 2.50 1.23 0.52 
C-63 2.43 1.04 0.48 
C-65 2.48 1.27 0.50 
C-70 2.49 1.06 041 
C-73 2.47 1.26 0.49 
C-74 2.49 1.25 0.47 
C-75 2.50 1.24 0.47 
C-77 2.45 1.18 0.45 
C-78 2.47 1.09 0.42 
Cl 2.37 1.24 0.52 
C-2 2.45 1.12 0.47 
C-5 2.42 129 0.52 
Cll 2.47 120 050 
C-12 2.49 130 © 0.52 
C-13 2.50 140 0.57 
C-16 2.45 1.26 0.49 
C-17 2.37 1.23 0.52 
C-19 2.46 1.27 0.46 
C-20 2.50 1.23 0.42 
C21 2.46 1.36 0.51 
C-23 2.38 1.22 0.50 
C-29 2.52 1.44 0.50 
C-30 2.53 118 0.45 
C-31 2.44 129 0.48 
C-32 2.59 1.22 0.49 
C-36 2.52 1.17 0.42 
C-39 2.35 1.09 0.41 
C-41 2.50 1.24 0.48 
C-43 2.47 1.28 0.50 
C-46 2.55 1.23 0.47 
C51 2.40 1.20 0.44 
C-53 2.44 1.11 0.48 
C-54 2.48 1.15 0.46 
C-55 2.53 130 ©6051 
C-57 2.55 1.17 0.48 
C-59 2.45 128 0.50 
C-62 2.45 1.01 0.40 
C-64 2.45 1.05 0.43 
C-66 2.52 1.12 0.47 
C-67 2.48 1.23 ©=—-0.50 
C-69 2.46 1.20 0.48 
C-71 2.61 129 051 
C-72 2.50 1.09 0.46 
C-76 2.48 120 0.46 
C-80 2.43 125 0.50 





0.154 


0.155 
0.156 
0.157 
0.151 
0.158 
0.168 
0.169 
0.171 
0.169 
0.168 
0.175 
0.176 
0.172 
0.166 
0.174 
0.163 
0.167 
0.170 
0.169 
0.172 
0.178 
0.174 
0.177 
0.173 
0.169 
0.168 
0.162 
0.164 
0.165 
0.162 
0.161 
0.169 
0.154 
0.168 
0.157 
0.156 
0.158 
0.155 
0.156 
0.158 
0.150 
0.152 
0.160 
0.164 
0.157 
0.160 
0.171 
0.164 
0.162 
0.161 
0.173 
0.171 
0.170 
0.173 
0.173 
0.176 
0.169 
0.164 
0.175 
0.180 
0.174 
0.168 
0.163 
0.164 
0.173 
0.170 
0.168 
0.166 
0.162 
0.165 
0.163 


Boron 
Mn, % S,% (0.001%) Cr, % 





2.8 
2.7 
1.2 
1.1 
3.9 
2.8 
4.1 
5.9 
2.8 
4.0 
4.0 
2.6 
3.8 
5.7 
2.0 
4.8 
5.3 
4.3 


Nn — So 


SD — 
tr Sy Ay 


= 2D 


oo om 1 
Nons=—- & 


0.030 
0.038 
0.040 
0.038 
0.035 
0.030 
0.030 
0.028 
0.037 
0.026 
0.040 
0.035 
0.033 
0.039 
0.030 
0.035 
0.038 
0.028 
0.028 
0.030 
0.050 
0.030 
0.028 
0.030 
0.033 
0.036 
0.028 
0.025 
0.038 
0.025 
0.037 
0.027 
0.040 
0.035 
0.025 
0.028 
0.028 
0.035 
0.035 
0.028 
0.028 














230 


Tasi_e 3— (PLANT C) CHEMICAL COMPOSITION OF 
Harp IRON 












Boron 

Mark C,% Si,4, Mn,% S,% (0.001%) Cr,% 
3-20-2 2.51 1.22 0.47 0.167 1.5 0.02 
3-20-4 2.48 1.21 0.46 0.166 1.5 0.03 
3-21-2 2.61 1.19 0.47 0.174 1.5 0.03 
3-21-4 2.69 1.16 0.46 0.163 1.4 0.03 
3-22-2 2.52 1.30 0.50 0.164 1.4 0.03 
3-22-4 2.51 1.17 0.47 0.160 1.5 0.03 
3-23-2 2.52 1.33 0.48 0.164 1.4 0.03 
3-23-4 2.55 1.11 0.44 0.174 1.4 0.03 
3-24-2 2.48 1.40 0.52 0.176 1.5 0.04 
$-24-4 2.55 1.19 0.50 0.169 | 0.04 
$-26-2 2.54 1.24 0.50 0.169 1.8 0.03 
3-26-4 2.50 1.28 0.49 0.162 1.6 0.03 
3-27-2 2.37 1.26 0.49 0.160 1.5 0.03 
3-27-4 2.48 1.31 0.49 0.161 1.6 0.03 
3-28-2 2.41 1.28 0.49 0.163 1.7 0.03 
5-28-4 2.46 1.22 0.48 0.173 1.6 0.03 
3-29-2 2.35 1.38 0.50 0.172 1.6 0.03 
5-29-4 2.56 1.17 0.46 0.162 1.6 0.03 
3-30-2 2.42 1.27 0.53 0.167 1.7 0.02 
3-30-4 2.54 1.26 0.50 0.161 1.8 0.03 
3-31-2 2.48 1.42 0.48 0.168 2.2 0.03 
3-31-4 2.46 1.29 0.49 0.165 2.4 0.03 
4-2-2 2.41 1.38 0.49 0.176 2.4 0.04 
4-2-4 2.52 1.05 0.41 0.169 2.2 0.03 
4-5-2 2.53 1.25 0.48 0.174 2.1 0.04 
4-5-4 2.58 1.17 0.51 0.175 2.0 0.04 
4-6-2 22 1.20 0.52 0.176 2.1 0.02 
4-6-4 2.54 1.26 0.51 0.166 2.0 0.02 
$-7-2 2.46 1.27 0.51 0.166 2.2 0.03 
4-7-4 2.46 1.29 0.54 0.166 2.4 0.03 
4-9-2 2.47 1.23 0.53 0.172 2.3 0.03 
4-9-4 2.32 1.23 0.51 0.164 2.2 0.03 
4-10-2 2.57 1.31 0.58 0.172 3.6 0.03 
4-10-4 2.72 1.10 0.46 0.160 3.6 0.03 
4-11-2 2.59 1.18 0.46 0.172 3.8 0.02 
4-11-4 2.74 1.09 0.44 0.167 3.5 0.02 
$-12-2 2.60 1.14 0.56 0.175 3.6 0.02 
4-12-4 2.62 1.17 0.58 0.163 3.6 0.02 
4-13-2 2.59 1.22 0.51 0.177 » A 0.02 
4-13-4 2.50 1.03 0.43 0.165 2.1 0.02 
4-16-2 2.64 1.15 0.47 0.180 2.5 0.03 
4-16-4 2.46 1.11 0.46 0.185 2.3 0.03 
4-17-4 2.60 1.20 0.56 0.176 2.4 0.03 
4-19-2 2.57 1.27 0.51 0.183 2.7 0.03 
4-19-4 2.55 1.07 0.49 0.175 2.3 0.04 
4-20-2 2.40 1.21 0.49 0.170 3.6 0.03 
4-20-4 2.42 1.12 0.46 0.175 3.4 0.03 
4-23-2 2.50 1.21 0.47 0.185 2.4 0.03 
4-23-4 2.49 1.21 0.47 0.175 2.2 0.04 
4-24-2 2.47 1.13 0.52 0.177 2.1 0.03 
4-24-4 2.47 1.22 0.58 0.165 2.2 0.03 
4-25-2 2.58 0.99 0.48 0.161 2.2 0.03 
4-25-4 2.45 1.25 0.51 0.169 2.1 0.03 
4-26-2 2.5 1.19 0.50 0.165 2.0 0.02 
4-26-4 2.56 1.08 0.54 0.164 2.1 0.02 
4-27-2 2.54 1.27 0.55 0.157 

4-27-4 2.47 1.18 0.58 0.160 





regression co-efficients have also been adequately 
treated.2° Both are too involved for restatement here. 


Material 


Our investigation is confined almost exclusively to 
iron made by cupola-air furnace duplexing. It was 
derived from three different plants here designated 
as A, B and C. It later proved desirable, when study- 
ing solid state graphitization, to obtain another lot 
from plant B, designated as B’. 

The composition of the several lots of metal is 
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Tasie 4— (PLANT B’) CHEMICAL COMPOSITION OF 





Harp IRON 
Boron 
Mark C, % Si,% Mn,% §S,% (0.001%) Cr,¢ 
39-X 2.34 1.13 0.45 0.177 
40-X 2.46 1.21 0.46 0.180 
f1-X 2.38 1.26 0.50 0.181 
#2-X 2.41 1.27 0.49 0.191 
43-X 2.42 1.18 0.51 0.180 
44-X\ 2.36 1.15 0.48 0.168 
45-X 2.42 1.22 0.50 0.171 
16-X 2.49 1.20 0.50 0.176 
47-X 2.41 1.13 0.49 0.169 
418-X 2.44 1.21 0.50 0.187 
19-X 2.53 1.18 0.45 0.184 
50-X 2.44 1.22 0.46 0.185 
51-X 2.42 1.14 0.42 0.175 
52-X 2.44 1.24 0.39 0.181 
53-X 2.43 1.22 0.41 0.180 
54-X 2.43 1.24 0.45 0.171 
55-NX 2.40 1.09 0.41 0.166 
56-X 2.48 1.26 0.44 0.180 
57-X 2.44 1.24 0.45 0.188 
58-X 2.42 1.29 0.46 0.169 
59-X 2.41 1.21 0.45 0.174 
60-X 2.44 1.14 0.47 0.178 
61-X 2.37 1.19 0.41 0.171 
62-X 2.31 1.23 0.41 0.185 
63-X 2.52 1.21 0.44 0.176 





given in Tables | to 4. 

Plants A and C were operating with Northern coke; 
plant B with Southern coke. Air furnaces were coal 
fired. 

In Table 5 are other details of the melting opera- 
tion. These are taken from operating records and 
may not be literally applicable to the specimens 
studied. We know only, for example, the average 
rate of thruput for a given day and not that at the 
moment of pouring. This does not seem too impor- 
tant. Apparently what happens is the effect of a sort 
of integration of what has gone before during a con- 
siderable period. A few attempts were made to cor- 
relate observations with existing conditions as the 
iron left the furnace but these were all unsuccessful 
as compared with correlation with average conditions 
and were therefore abandoned. 

Specimens were cast of five sizes:—l4 in. 3 in. 
x 4 in., % in. X 3 in. x 4 in., 1 in. & 3 in. X 6 in., 
1% in. X 3 in. X 6 in. and 2 in, & 3 in. & 6 in. In 
the laboratory and at Plants B and C a number of 
specimens of each size were cast and cooling curves 
at the center taken with a platinum-rhodium py- 
rometer and a portable potentiometer. The labora- 
tory tests indicated that the length of the isothermal 
arrest was nearly independent of pouring temperature 
for the 4 in. thick section but decreased as the 
pouring temperature increased for thicker sections. 
Roughly the rate of decrease is more pronounced the 
thicker the section. 

The operating temperatures at the two plants were 
not so very different for the various experiments and 
the time of “eutectic hold” was pretty constant for 
each section. For purposes of description and not 
for purposes of heat transfer calculations, the time of 
this isothermal hold is listed as follows: 
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Section Size, in. Hold, min 
aa 2 2.5 
1% x 3 2.3 
1 x3 7 
34x 3 0.8 

yx 3 0.5 





It is possible, if the relation is not linear, that the 
first and fifth figures are a little too low and the others 
a little too high. 

The various experimental heat treatments will be 
described in their proper places. Here we wish only 
to describe the as-cast metal. Further description has 
been published elsewhere.'* 


Experimental Procedure 


The observations made on these several irons were 
as follows:—For the study of primary graphitization, 
or mottling, the blocks were broken at mid-length 
and rated as to whether they were mottled or clear. 
If even a single mottle could be found visually, on 
critical examination in good light, the fracture was 
rated as mottled. Obviously many specimens were 
much more strongly mottled, in various degrees up to 
almost completely gray fractures in the thickest sec- 
tion. It was, however, found impossible to base any 
quantitative discussion on severity of mottling and 
only the criterion of complete absence became amen- 
able io this treatment. The melting conditions at the 


- 


several plants are reported in Table 5. 








TABLE 5—MELTING CHARACTERISTICS 

PlantA PlantB PlantC Plant B’ 
Coefficient 3.2545 5.2361 1.9237 4.5566 
Cupola Diam, in. 60 82 72 85 
Hearth, Ft® 307 280 282 280 
Cupola, Ib/hr 38971 56928 30288 55940 
Air Furnace, lb/hr 44549 63522 32378 62107 
Cupola, lb/hr/sq ft 1985 1552 1071 1420 
Air Furnace, Ilb/hr/sq ft 145 227 115 222 
Fons/sq_ ft 0.06 0.11 0.11 0.13 
Iron /Coke 10.7 9.6 7.4 10.3 
Iron /Coal 22.4 25.5 16.6 25.4 
% Pig 11.5 10.2 11.0 10.1 
% Steel 35.7 26.4 28.6 22.2 
Hours in Air Furnace 0.88 0.95 1.92 1.04 
H,O, in. Hg 0.44 0.53 0.23 0.23 
Cupola Carbon 2.77 2.64 2.82 2.69 
% Si Loss in Cupola 0.27 0.43 0.06 0.32 
% Si Loss in Air Furnace 0.01 0.00 0.04 0.01 
&% C Loss in Air Furnace 0.27 0.15 Not 0.15 

available. 





The original plan was to include the effects of ox- 
idation in this study. To that end a considerable 
number of typical specimens were examined for ox- 
ides by residue analysis after vaporizing the iron as 
ferric chloride. Also liquid metal was treated with 
excess aluminum and its oxygen calculated from the 
recovered Al,03. As a check, a few of these specimens 
were analyzed by vacuum-fusion methods at Battelle 
Memorial Institute. 

The several methods do not agree among them- 
selves nor with the history of the sample and correla- 
tion with primary or secondary graphitization was 
hopeless. Our best conclusion, after discussion with 
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C. E. Sims of Battelle is that the oxygen content of 
all these (and many other) cast irons is of the order 
of 0.003 pct, which corresponds approximately to the 
oxygen content of the SiO, of the sonims when these 
are not contaminated by extraneous siliceous matter. 
Battelle also found about 0.0001 pct hydrogen and 
about 0.01 pct nitrogen. 

The observational data will be found in the section 
on Primary Graphitization. 

For the study of “first stage” or super-critical graph- 
itization, specimens were cut from unmottled 14 in. 
thick plates. A number of these were packed, in white 
iron crushings, in a 3 in. X 7 in. pipe nipple capped 
at both ends. All specimens in a given pipe were at 
the same distance from the pipe surface and occupied 
no more than the middle 4 in, of its length. 

The nipple was introduced into a “hump” furnace 
at 900 C (1650 F). About 14 hr was required to heat 


TABLE 6— (PLANT A), 9% COMPLETION OF GRAPHITIZA- 
)» So 
TION IN 2144 Hr at 900 C 























Mark Per cent Mark Per cent Mark Percent 

Completion Completion Completion 
L-2 2 L-21 45 L-38 35 
L-3 30 L-23 29 L-39 31 
L-4 16 L-24 24 L-40 61 
L-6 10 L-25 55 L-41 20 
L-7 10 L-26 47 L-42 38 
L-8 16 L-27 40 L-43 ll 
L-9 35 L-28 17 L-44 16 
L-10 12 L-29 21 L-45 47 
L-11 19 L-30 34 L-46 36 
L-13 7 L-31 18 L-47 31 
L-14 6 L-32 50 L-48 8 
L-15 44 L-33 1.3 L-49 27 
L-16 8 L-34 74 L-50 24 
L-17 24 L-35 27 L-51 3.5 
L-18 4 L-36 16 L-52 10 
L-19 51 





TasBLe 7— (PLANT B), % COMPLETION OF GRAPHITIZA- 
TION IN 214 Hr at 900 C 








Mark Percent Mark Percent Mark Percent 
—— Completion —— Completion —— Completion 
C-1 44 C-28 11 C-54 7 
C-2 8 C-29 81 C-55 35 
C-3 56 C-30 12 C-56 1 
C-4 39 C-31 31 C-57 9 
C-6 30 C-32 20 C-58 7 
C-8 18 C-33 31 C-59 22 
Cc-9 44 C-34 2 C-60 4 
C-10 27 C-35 26 C-61 39 
C-11 25 C-36 10 C-62 1 
C-12 42 C-37 6 C-63 1 
C-13 62 C-38 5 C-64 3 
C-14 22 C-39 l C-65 10 
C-15 23 C-40 3 C-66 8 
C-16 47 C-41 17 C-67 22 
C-17 42 C-42 30 C-69 18 
C-18 9 C-43 34 C-70 2 
C-19 28 C-44 7 C-71 71 
C-20 6 C-45 55 C-72 3 
C-21 62 C-46 18 C-73 43 
C-22 5 C-47 18 C-74 24 
C-23 10 C-48 10 C-75 25 
C-24 7 C-49 23 C-76 7 
C-25 ll C-50 6 C-77 5 
C-26 13 C-51 6 C-78 1 
C-27 26 C-52 2 C-79 6 
C-80 17 C-53 6 
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Tasie 8— (PLANT C), COMPLETION OF GRAPHITIZA- 
TION IN 214 Hr at 900 C 


GRAPHITIZATION IN THE MALLEABLE IRON INDUSTR 


Taste 10— (PLANT A), % COMPLETION OF GRAPH 
TIZATION IN 214 Hr AT 900 C AFTER PRETEMPER 








% Adjusted % % Adjusted % 
Mark Completion Completion Mark Completion Completion 

















$-20-2 59 66 4-7-4 66 76 

3-20-4 59 66 4-9-2 70 84 

$-21-2 62 69 4-9-4 51 51 

3-21-4 65 74 4-10-2 60 66 

3-22-2 74 90 4-10-4 17 17 

3-22-4 56 59 4-11-2 35 35 

3-23-2 59 66 4-11-4 16 16 

$-23-4 43 43 4-12-2 43 43 

$-24-2 79 99 4-12-4 51 51 

3-24-4 66 76 4-13-2 63 71 

3-26-2 67 78 4-13-4 23 23 

3-26-4 81 102 4-16-2 34 34 

3-27-2 71 85 4-16-4 36 36 

3-27-4 72 87 4-17-4 46 46 

$-28-2 67 78 4-19-2 53 53 
3-28-4 42 42 4-19-4 38 38 
3-29-2 87 110 4-20-2 32 32 
3-29-4 65 74 4-20-4 24 24 
3-30-2 83 105 4-23-2 $2 $2 
3-30-4 54 54 4-23-4 57 61 
3-31-2 79 99 4-24-2 27 21 
3-31-4 62 69 4-24-4 71 85 
4-2-2 66 76 4-25-2 12 12 
4-2-4 21 21 4-25-4 68 80 
4-5-2 21 21 4-26-2 51 51 
4-5-4 48 48 4-26-4 49 49 
4-6-2 55 55 4-27-2 62 70 
4-6-4 57 61 4-27-4 54 56 
4-7-2 72 87 





TABLE 9— (PLANT B’), % COMPLETION OF GRAPHITIZA- 


TION IN 214 Hr at 900 C 








oO oO 

Mark Completion Mark Completion 
39-X 3 52-X 7 
40-X 2 53-X 3 
41-X 23 54-X 9 
42-X 19 55-X 1 
43-X 7 56-X 5 
44-X 6 57-X 5 
45-X 15 58-X 24 
46-X 10 59-X 8 
47-X 5 60-X 3 
48-X 16 61-X 2 
49-X 3 62-X 3 
50-X 8 63-X 5 
51-X 4 





the furnace to its original temperature, which was 
then maintained for 214 hr (also 114 hr in the case 
of plant C) and air cooled. From a comparison of 
the results in 114 hr and 21/4 hr and the 3/2 power of 
time rule it was deduced that the small amount of 
graphitization presumably occurring during heating 
and cooling was equivalent to an additional 0.19 hr 
at 900 C. 

The pertinent observations are summarized in 
Tables 6 to 9 in terms of the per cent completion 
of the reaction. The amount of graphite which could 
be formed at 900 C is obviously the total carbon less 
the solubility of graphite at that temperature, about 
0.95 pct for the average silicons encountered. 

Graphite was: determined, in all cases, on a piece 
of metal representing the entire thickness except the 
layer 4 in. thick at each surface. This was rejected 
as being of lower carbon due to selective freezing.’ 





Per cent Per cent 
Mark Completion Mark Completion 
L-3 4.4 L-32 52 
L-4 29 L-33 1.3 
L-6 10 L-34 63 
L-9 43 L-35 20 
L-10 27 L-38 55 
L-11 22 L-39 28 
L-14 7 L-40 74 
L-15 51 L-41 39 
L-17 27 L-42 45 
L-18 4.9 L-43 11 
L-20 63 L-44 16 
L-21 46 L-45 39 
L-22 20 L-46 44 
L-23 32 L-47 33 
L-25 58 L-48 21 
L-26 41 L-49 27 
L-27 37 L-50 28 
L-28 16 L-51 1.4 
L-29 24 L-52 ll 
L-30 23 L-24 21 
L-31 22 





TABLE |1— (PLANT B), % COMPLETION OF GRAPHITI- 
ZATION IN 214 Hr aT 900 C AFTER PRETEMPERING 








Per cent Per cent 

Mark Completion Mark Completion 
C-1 74 C-40 20 
C-2 40 C-41 27 
C-3 78 C-43 66 
C-5 69 C-46 48 
C-10 54 C-51 35 
C-11 56 C-53 34 
C-12 51 C-54 14 
C-16 73 C-55 63 
C-17 65 C-57 46 
C-19 62 C-59 65 
C-20 43 C-62 9 
C-21 77 C-64 9 
C-23 45 C-66 25 
C-29 86 C-67 56 
C-30 59 C-69 46 
C-31 72 C-72 18 
C-32 52 C-76 16 
C-36 30 C-79 25 
C-37 37 C-80 51 
C-39 14 





Since it is known! that pretempering alters nodule 
number and graphitizing rate, certain specimens from 
Plants A and B were heated, similarly packed, for 
20 hr at 400 C (750 F) and then graphitized at 900 C 
as previously described. The per cent completion 
is tabulated in Tables 10 and 11. 

Because we shall wish to consider the effect of 
nodule number on graphitizing rate, and the effect 
of composition on nodule number, metallographic 
counts of nodules per square millimeter were made by 
Reidar Eriksen, using a magnification of 100 diame- 
ters and examining five fields per specimen, each 
covering 1 sq mm of specimen surface. These counts 
found in Tables 12 to 15 apply specifically to heating 
to 900 C in 4 hr, followed by a 214-hr hold. 

It was found experimentally that the graphite 
formed in equal times in a pretempered and the same 
unpretempered iron, remained in a constant ratio 
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JT aBLE 12— (PLANT A), NODULES PER MM? FORMED ON 
Quick HEATING AT 900 C AND HOLpING 
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TABLE 14—- (PLANT C), NODULES PER MM? FORMED ON 
Quick HEATING To 900 C AND Ho LpING 











Mark Nodules /mm? Mark Nodules /mm* Mark Nodules/mm* Mark Nodules/mm* Mark Nodules/mm?* 
L.3 100 L-25 77 3-20-2 68 3-30-4 76 4-13-2 74 
L 4 58 L-26 56 3-20-4 101 3-31-2 99 4-13-4 75 
L-6 68 L-27 68 $-21-2 75 3-31-4 102 4-16-2 35 
L-7 169 L-28 32 3-21-4 96 4-2-2 56 4-16-4 49 
L-8 156 L-3U DY 3-22-2 122 4-2-4 53 4-17-4 59 
L-9 194 L-32 59 3-22-4 88 4-5-2 74 4-19-2 60 
L-10 150 L-35 57 3-23-2 98 4-5-4 50 4-19-4 50 
L-1l 181 L-38 65 3-23-4 64 4-6-2 71 4-20-2 55 
L-13 41 L-39 54 3-24-2 114 4-6-4 69 4-20-4 60 
L-14 25 L-42 48 $-24-4 84 4-7-2 136 4-23-2 35 
L-16 70 L-46 94 3-25-2 81 4-7-4 136 4-23-4 SO 
L-17 38 L-47 42 3-25-4 95 4-9-2 101 4-24-2 38 
L-18 64 L-49 74 3-27-2 103 4-9-4 59 4-24-4 94 
L-19 57 L-24 44 $-27-4 106 4-10-2 47 4-25-4 102 
L-21 47 L-29 59 3-28-2 142 4-10-4 30 4-26-2 52 
L-2% 45 L-31 50 3-28-4 52 4-11-2 40 4-26-4 59 
af 3-29-2 114 4-11-4 63 4-27-2 49 
3-29- -12-2 5 -27- 5 
TABLE 13—- (PLANT B), NODULES PER MM? FORMED ON tt ni 9 = — “ 


Quick HEaTING To 900 C ANnp HOLpING 








Mark Nodules/mm? "Mark Nodules/mm? 
C-3 75 C-42 59 
C-4 62 C-44 61 
C-6 59 C-45 67 
C-8 46 C-47 65 
Cc-9 59 C-48 59 
C-10 61 C-49 66 
C-14 50 C-50 48 
C-15 40 C-52 55 
C-18 56 C-56 53 
C-22 37 C-58 39 
C-24 50 C-60 45 
C-25 56 C-61 45 
C-26 56 C-63 45 
C-27 68 C-65 48 
C-28 39 C-70 37 
C-33 55 C-73 53 
C-34 50 C-74 52 
C-35 60 C-75 66 
C-37 64 C-77 65 
C-38 56 C-78 44 
C-40 66 





(2:1 as it happened) regardless of the length of these 
times, so long as the comparisons were made when the 
3/2 power of time rule was applicable for the latter. 
Thus this rule must also apply in the pretempered 
State. 

For intermediate stage graphitization, between the 
stable and metastable A, points, it seemed wise to 
adopt the technique of cooling through this range 
at a known rate since this is the condition most com- 
monly encountered in practice. 

Specimens were packed as previously described, 
heated to 900 C as before, and held 70 hr. They were 
then cooled at 2 C (3.6 F) per hour to 765 C (1410 F). 
On metallographic evidence the resulting structure 
represents equilibrium just above A, stable. It was 
found that cooling at 35 C (63 F) per hour produced 
usable residual combined carbons and this rate was 
used to bring the specimens to 720 C (1330 F) just 
under A, metastable. The pipe nipple was then air 
cooled. 

Combined carbon was determined by Guiler’s mod- 
ification of Donaldson’s* method!% which, however, 
still carries a constant blank of 0.10 pct. As before, 





TABLE 15—- (PLANT B’), NODULES PER MM? FORMED ON 
Quick HEATING To 900 C AND HOLDING 





Mark Nodules/mm? Mark Nodules/mm* Mark Nodules/mm* 





39-X 44 47-X $2 55-X 69 
40-X 48 48-X 83 56-X 54 
41-X 62 49-X 54 57-X 58 
42-X 85 50-X 77 58-X 104 
43-X 63 51-X 51 59-X 64 
44-X 40 52-X 64 60-X 39 
45-X 66 53-X 53 61-X 50 
46-X 56 54-X 64 62-X 52 

63-X 79 





surface metal was excluded from the sample. The 
resulting data are to be found in Tables 16 to 18. 

Our experimentation with second stage (subcri- 
tical) graphitization was greatly curtailed. The process 
must begin with some arbitrarily chosen state, and 
no state is accurately reproducible in practice. The 
investigation is offered mainly as being of academic 
interest and incapable of direct application in prac- 
tice. A few specimens were brought to equilibrium 
at 770 C (1420 F) packed in charcoal in a plumbago 
crucible, and then rapidly air cooled by dumping the 
crucible on the floor. This produces a practically 
completely pearlitic matrix. The specimens were then 
packed as usual, heated 5 hr at 680 C (1260 F) and 
analyzed for combined carbon with the results shown 
in Table 19. 

In conclusion be it noted that we have deliberately 
avoided dealing experimentally with the low-carbon 
surface areas which produce rims in practice. The 
prevention of pearlitic rims constitutes an entirely 
separate field for investigation. 

In the next section we propose to evaluate the 





* When this work was begun in 1950 we regarded this as the 
preferred method. We still think that it yields reproducible 
results but that these are of the order of 10 pct low. The 
results are still comparative but the numerical constants of 
Equations (14) to (25) inclusive are probably about 0.0414 too 
low. This does not alter any conclusions as to the effect of 
alloys, etc. for their coefficients are not affected. 
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TaBLe 16— (PLANT A), % COMBINED CARBON AFTER 
Coo.ine 35 C/Hr* 












GRAPHITIZATION IN THE MALLEABLE IRON INDUSTR 





TaBLe 18— (PLANT C), % COMBINED CARBON AFTE 
Coo.inc 35 C/Hr* 






































% 7o % % % % 
Mark Combined Mark Combined Mark Combined Mark Combined Mark Combined Mark Combine 
Carbon Carbon Carbon Carbon Carbon Carbon 
L-1 0.41 L-21 0.39 L.39 0.45 3-20-2 0.34 3-30-2 0.20 4-13-2 0.17 
L-2 0.38 L-22 0.38 L-40 0.23 3-20-4 0.17 3-30-4 0.21 4-13-4 0.18 
L-3 0.25 L-23 0.39 L-41 0.36 3-21-2 0.35 3-31-2 0.17 4-16-2 0.21 
L-4 0.36 L-24 0.42 L-42 0.42 3-21-4 0.24 3-31-4 0.21 4-16-4 0.22 
L-7 0.19 L-25 0.16 L-43 0.40 3-22-2017 4-2-2 0.13 4-17-4 0.31 
L-8 0.37 L-26 0.32 L-44 0.49 3-22-4 0.40 4-2-4 0.38 4-19-2 0.16 
L-9 0.32 L-27 0.39 L-45 0.35 3-23-2 0.13 4-5-2 0.23 4-19-4 0.21 
L-10 0.26 L-28 0.43 L-46 0.29 3-23-4 0.22 4-5-4 0.41 4-20-2 0.20 
L-11 0.40 L-30 0.32 L-47 0.42 3-24-2 0.19 4-6-2 0.23 4-20-4 0.27 
L-14 0.42 L-31 0.42 L-48 0.45 3-24-4 0.36 4-6-4 0.20 4-23-2 0.27 
L-15 0.42 L-33 0.41 L-49 0.39 3-26-2 0.15 4-7-2 0.16 4-23-4 0.18 
L-16 0.31 L-35 0.42 L-50 0.24 3-26-4 0.13 4-7-4 0.08 4-24-2 0.29 
L-17 0.42 L-36 0.45 L-51 0.50 3-27-2 0.25 4-9-2 0.26 4-24-2 0.18 
L-19 0.24 L-38 0.31 L-52 0.46 3-27-4 0.26 4-9-4 0.38 4-25-2 0.36 
L-20 0.27 $-28-2 0.26 4-10-2 0.16 4-25-4 0.20 
* Includes 0.10% for soluble carbon and blank. 3-28-4 0.28 4-10-4 0.31 4-26-2 0.24 
3-29-2 0.14 4-11-2 0.24 4-26-4 0.32 
3-29-4 0.27 4-11-4 0.25 4-27-4 0.35 
TasLe 17— (PLANT B), % COMBINED CARBON AFTER 4-12-2 0.21 
Cootinc 35 C/Hr* 412-4 = 0.27 
* Includes 0.10% for soluble carbon and blank. 
% % % 
— — a — ian —— ' TABLE 19—-CoMBINED CARBON AFTER 5 Hr AT 680 C, 
FOLLOWING EqQuiLisrium AT 770 C 
C-l 0.37 C-29 0.25 C-55 0.25 
-- _ ma ho ai oe Mark Plant Combined Silicon, 
C5 0.36 C32 0.82 C58 0.37 Carbon, 7% To 
C-6 0.32 C-33 0.37 C-59 0.32 L200 | ac 1.19 
C-8 0.39 C-34 0.42 C60 0.41 L-30 " 0.45 1.08 
c-9 0.32 C-35 0.28 C-61 0.36 L-42 : 0.49 1.04 
C-10 0.35 C36 —_ 0.30 C62 0.39 L-43 . 0.52 0.98 
C-11 0.40 C-37 0.31 C-63 0.31 L-50 ” 0.39 1.07 
C-12 0.32 C-38 0.30 C-64 0.41 L-51 sd 0.65 0.85 
C-13 0.30 C-39 0.35 C-65 0.27 
C-14 0.24 C-40 0.34 C-66 0.36 C-29 B 0.34 1.44 
C-15 0.35 C-41 0.32 C-67 0.33 C-34 is 0.62 1.09 
C-16 0.25 C-42 0.46 C-69 0.36 C-35 4 0.51 1.23 
C-17 0.38 C-43 0.29 C-70 0.40 C-48 a 0.56 1.18 
C-18 0.27 C-44 0.32 C-71 0.19 C-52 Mg 0.51 1.20 
C-19 0.30 C-45 0.29 C-72 0.41 C-55 » 0.43 1.30 
C-20 0.23 C-46 0.31 C-73 0.29 C-62 0.55 1.01 
C-21 0.24 C-47 0.30 C-74 0.32 C-71 . 0.35 1.30 
C-22 0.31 C-48 0.34 C-75 0.26 C-74 ~ 0.41 1.25 
C-23 0.36 C-49 0.25 C-76 0.39 C-80 - 0.54 1.23 
C-24 0.34 C50 0.32 C-77 0.32 acide 
C-25 0.30 C51 0.34 C78 = 04l 3-20-2 c pep — 
C-26 0.32 C52 0.36 C79 0.48 3-26-4 : 0.28 1.26 
C-27 0.33 C53 0.37 C80 0.48 3-27-4 ° 0.28 1st 
C-28 0.40 C54 0.48 3-31-2 0.18 1.42 
* Includes 0.10% for soluble carbon and blank. 4-2-4 , 0.42 1.05 
4-5-4 ‘ 0.41 1.17 
4-23-4 7 0.33 1.21 
s ' : . 4-24-2 $s 0.45 1.13 
accumulated data by graphic means in the case of 426-2 : rs 119 


primary graphitization and by statistical methods for 
secondary graphitization separating the latter into 
“first stage’ by the reaction:— 

Fe,C = C + Fe (y); 
intermediate stage by the reaction:— 

C (dissolved in Fey) = C (graphite) + Fe («) 

and “second stage” by the reaction:— 

Fe;C = C + Fe («) 


Evaluation of Primary Graphitization Data 


Primary graphitization is a process whereby graphite 
is deposited from liquid cast iron. Its effect mani- 
fests itself as “mottling” in the malleable iron in- 
dustry and it must be avoided. 








The carbon and silicon contents of the A, B and C 
series are plotted in Fig. 1, which contains a separate 
plot for each plant and each section size. Circles 
represent specimens free from visible mottles; dots, 
specimens showing more or less mottling. Lines are 
drawn in the diagram showing the boundaries of a 
zone in which mottling may or may not occur. For 
each line C + 2.85 log Si is a constant called “b” by 
Schneidewind and McElwee in their paper.’ Be it 
noted that these curves seem well adapted in form 
to separate the groups, confirming at least the type 
of relationship these authors selected. 
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Fig. 1—Occurrence of Mottling as a Function of Carbon 
and Silicon Content. 
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Figure 2 is a summary of the data of Fig. 1. The 
specimens are divided into groups according to the 
smallest section size in which any mottles were ever 
found. They are further separated according to the 
plant of origin. The upper and lower groups are of 
little interest. For the upper group (over 2 in. < 3 in.) 
we do not know how much larger a section would 
have been free from mottles and the lower. group 
contains only 2 points; one from each of two plants. 
The abscissae are the “b” values calculated from 
Tables 1 to 3. The B! metal described in Table 4 
was not studied in the present connection. 

Qualitatively it is quite plain how the “b” value 
below which no mottling occurs, rises with decreasing 
section size. At the top of the figure the upper and 
lower limits of “b” between which the iron may or 
may not mottle, are designated. There appears to 
be some tendency for the safe “b”, i.e., that where 
mottles cannot occur, to be a little higher at C than 
at B, where in turn it is higher than at A. Reasons 
will be cited presently for the belief that these differ- 
ences are not real. The upper limit of the interdeter- 
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Fig. 2—‘b’ Values Observed to Produce Mottles in Various 
Sections. 
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minate zone is less interesting and also less well 
defined. Trends similar to those for the lower limit 
seem to exist. 

The safe values of “b’’ for the several plants are 
correlated with the time of eutectic hold'® in Fig.3. 
The trend line, which perhaps should be convex up- 
ward instead of straight, is pretty closely of general 
application. 

The line was selected as representing pretty certainly 
safe values. If it be accepted as satisfactory then: 

safe b = 2.94 — 0.16 T 
where T is the time of the isothermal arrest in min- 
utes. Accepting also the relation of carbon and silicon 
deduced above, we may write that, to be certainly 
free from mottles 
C + 2.85 log Si = 2.94 —0.16T ........ (1) 
(1) Carbon and silicon are concentrations in percent. 

Some independent observations by Milton Tilley, 
using a different form of test specimen, furnish a 
basis for the belief that an increase in pig iron, at 
the expense of steel, in the mix, would lower the safe 
value of “b”. The data in Table 5 are not suitable 
for the recognition of this variable. 

In Fig. 4 the fraction clear is plotted against “b,” 
using, for convenience, a semi-logarithmic scale. Open 
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figures are for Plants A and B, black for Plant C. 

Whether the logarithmic relation has any theo- 
retical backing or not, the fact that a single family 
of lines represents the three plants equally well is 
regarded as evidence that the safe “b” values are 
alike regardless of such difference of melting prac- 
tice as are covered by these experiments. 

This statement cannot be extrapolated indefinitely. 
We have also studied certain metal made experiment- 
ally at Plant C by transferring duplexed metal, sim- 
ilar to that here studied, to an electric furnace and 
adding ferrosilicon or a proprietory carburizing com- 
pound to make metal of higher “b” values. The ex- 
periments were on an operating scale. The safe “b” 
value was raised to about 2.93 regardless of eutectic 
freezing time and the width of the indeterminate 
zone became much less sensitive to changes in thick- 
ness than in the experiments on duplexed metal. We 
do not wish, in the present paper, to discuss metal 
made by other than duplexing methods. 

Figure 4 clearly shows that the probability of avoid- 
ing any mottles decreases with increasing values of 
“b.” The rate of decrease grows less as “‘b’’ increases. 
The rate of decrease is also less for fast cooling sec- 
tions than for slower cooling sections. Thus the 
width of the band between the “b” value producing 
freedom from mottling and almost a certainty of 
mottling is much greater at the smaller sizes. 

The existing relationship is not consistent with an 
assumption that had we included in our “b” the con- 
centration of some other element whose amount scat- 
tered symmetrically about a mean value, the range 
might have been wiped out. 

The only elements suggesting themselves are chro- 
mium and manganese. A pilot calculation was made 
on Plant A attempting a correlation by rank between 
the “b” value at which iron was found free from 
mottles in the 114-in. section and in the indetermin- 
ate range and the chromium and with the Mn/S 
ratio. The correlation so calculated had so great a 
chance of being accidental (90 pct for Cr and 45 
pct for Mn/S) that they were entirely unconvincing. 

Since boron is often added for other purposes, a 
similar computation was attempted for that element. 
There was a 70 pct chance that any correlation was 
accidental. 

We believe it impossible to explain the indetermin- 
ate zone by differences of analyses within the exist- 
ing ranges. 

Ten sets of blocks, as previously described, were 
poured at Plant B from iron of the same general 
character as the present and 0.0025 pct tellurium was 
added as the element. The recovered tellurium 
ranged from 0.0019 pct to 0.0032 pct, perhaps due to 
inaccuracies in estimating the amount of iron in the 
ladles to which the element was added. The aver- 
age tellurium recovery was 0.0025 pct. The “b” value 
of the metal containing tellurium, and not mottling 
fell from 0.04 to 0.08 above the safe “b” for the larg- 
est clear section. Much more work should be done 
if the results are to be relied on but there is at least 
some evidence of tellurium’s effect in preventing 
mottles. 





GRAPHITIZATION IN THE MALLEABLE IRON INDUSTRY 


No effect could be noted from the presence oi 
about 0.006 pct bismuth in a similar experiment. 

The observations on blocks of different freezing 
rates are inconsistent with any assumption that the 
indeterminate zone is due to possible differences in 
the time of the eutectic hold. 

Safe values of “‘b” having been shown to be sim- 
ilar for the three plants, it is an obvious first con 
clusion that the systematic differences in melting 
practice shown in Table 5 are not sufficient to pro- 
duce detectable differences in mottling tendency. 

The question of oxygen’s influence on graphitiza- 
tion is often mentioned but no directly conclusive 
data have been available. 

At Plant B no relation of mottling tendency to 
late ferro-silicon additions, coarseness of pulverized 
coal, silicon loss in cupola melting or the use of cal- 
cium slags could be traced. Also an increase in pig 
iron in the charge as a substitution for steel and 
silvery pig suggested a decrease of a few hundredths 
in safe “b” for an increase of | pct in pig. The data 
were not suited to accurate quantitative conclusions. 

At Plant A it was observed that if iron is held in 
the distributing ladle, mottling decreases. No rela- 
tion could be traced to the temperature at which the 
iron left the furnace or the rate of output during the 
preceding hour. No clear relation to time in the air 
furnace was substantiated, although it may be that 
time in the furnace increases rather than decreases 
“b.” No choice was found between malleable scrap 
and sprue in the cupola charge. 

The value of “b” is subject to error since there is 
an analytical error of some magnitude involved in 
determining carbon and silicon in the expression 

“b” = C + 2.85 log Si 

Assuming that the standard error of our determin- 
ations is about 0.01 pct for each element and that our 
silicon values are all near 1.1 pct, the standard error 
of “b’’ is’® approximately 0.06. When the width of 
the indeterminate band is known in Fig. | it varies 
from 0.11 to 0.20, an amount which is small com- 
pared with the possible range corresponding to the 
standard error of observation. It is thus not impos- 
sible that the indeterminate zone represents largely 
an imperfect knowledge of “b.” The form of distri- 
bution shown in Fig. 4 is, however, not consistent 
with a normally distributed error of observation. 


Evaluation of Secondary Graphitization Data 

Numerical data of the volume here encountered 
can be grasped only by statistical methods. By least 
squares J. V. Anthony computed the following equa- 
tions in terms of concentrations in per cent, applic- 
able specifically to the heat treatments previously 
described. For first stage graphitization:— 
Plant A:— 

log % completion = 3.2545 « % Si — 2.1372. . (2) 

Standard error of fit = 0.29 


Plant B: 
log % completion = 5.2361 x % Si — 5.2162. . (3) 
Standard error of fit — 0.28 

Piant B’:— 
log % completion = 4.5566 « % Si — 4.7182.. (4) 
Standard error of fit — 0.27 
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Fig. 5—Correction of 
Graphitization Rates over 
50% Completion. 
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Plant C: 
log % completion = 1.9580 «x % Si 
Standard error of fit = 0.12 


- 0.6446. . (5) 


For Plant C it proved expedient to translate the 
observed per cent completion, when beyond 50 pct, 
to a hypothetical value which would have been 
reached if the 3/2 power of time law had contin- 
ued. These values may be read from Fig. 5 based 
on Ref. 5. They have no practical meaning but are 
reliable aids in computation. More completely:— 


Plant A:— 


log % completion = 2.4299x% Si — 12.04x% B 
—5.7143 x %Cr-+-0.4892 x Mn/S—0.0005 x N/mm? 

DE cltevchdeccvksdbaddccses ares on ean (6) 
Standard error of fit = 0.22 


Plant B: 
log % completion = 6.3498 % Si + 7.660x% B 
0.1335 %Cr-+0.1450« Mn/S—0.0059 x N /mm? 


II 55 59 ts Fai scant Wena teak he ee ee gael (7) 
Standard error of fit — 0.27 
Plant C: 
log % completion = 1.1792 % Si — 108.17x%% B 
3.3216 x %Cr+0.2027 x Mn /S—0.0017 x N/mm? 
re ee ea (8) 
Standard error of fit = 0.07 


Or alternatively in terms of excess Mn (%Mnx = 
% Mn — 1.71 XK % S) 
Plant A: 
log completion—1.7104« %Si—0.0004« N mm? 
+ 5.3074%% Mnx+5.9511x% Cr—39.46x% B 
ee EP ery ee eer eT er ee (9) 
Standard error of fit = 0.20 
Plant B:— 
log’completion=4.8562 x %Si—0.0023 x N/mm? 
4.6583 & % Mnx—0.6019 x %Cr+27.1479x %B 
PEE é6itwdeeacnbedbageniavessaatases (10) 
Standard error of fit = 0.29 
Plant C: 
log%completion= 1.2468 x %Si+-0.0021 x N/mm? 
+.-0.4488 < % Mnx—4.1565 x %Cr—96.240x%%B 
5 ee ee meee ys ae (11) 
Standard error of fit = 0.08 


There is little to choose between the three series of 
equations except for Plant C where the addition of 
other variables, whether Mn/S or Mn has significantly 
improved the fit. 
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For first stage graphitization of pretempered iron:. 
Plant A:— 


log%completion = 3.8284 %Si—2.6677 ..... (12 
Standard error of fit = 0.31 

Plant B:— 
log% completion = 2.5407 %Si—1.4693 .... (13) 
Standard error of fit = 0.16 


The values of all these standard errors are them- 
selves subject to uncertainties measured by their own 
respective standard errors. These differ from group 
to group, being dependent on the number of obser- 
vations underlying the several equations. They are 
of the order of magnitude of 10 pct of the standard 
errors, so that differences between the standard errors 
of two relations for the same plant are of no signific- 
ance below 15 pct of their numerical value and a 
difference of about 30 pct of the value is required to 
produce reasonable certainty that the fit of one rather 
than the other is the better. The conditions are also 
such that the standard errors of observation for Plant 
C are decidedly lower than for the other two plants, 
so that the better fit for these equations is due to 
(accidentally) more favorable experimental condi- 
tions. The standard errors of Equations (6), (7) and 
(8) do not differ significantly from the standard er- 
rors of observation, so that these equations express 
the existing numerical relations as accurately as we 
are able to conduct the experimentation, 

For intermediate stage graphitization:- 

For Plant A: 
log © combined carbon=1.6601 

Standard error of fit — 0.16 
For Plant B:- 
log % combined carbon=—0.1490 

Standard error of fit — 0.08 
For Plant C:— 


2.1428x%%Si (14) 


0.6633 %Si (15) 


log % combined carbon=0.9503— 1.5448 %Si (16) 
Standard error of fit = 0.22 

Or more completely: 

Plant A:- 


log % combined carbon=1.5586 
22.652 % B—0.00016 N /mm? 


2.0117<% Si 
4.6240 % Cr 


SEILER 6 a énecedtadsdeeeeeéseasan ee (17) 
Standard error of fit = 0.15% 

Plant B: 
log % combined carbon = —0.0308—0.4993 « %Si 
+.0.6770X % B—0.00271 XN /mm?-+-3.5033% % Cr 
eS a es (18) 


Standard error of fit = 0.08% 
Plant C:— 
log % combined carbon=0.7893—1.7146 %Si 
69.261 %B 0.00082 N /mm2- -1.5085 « %Cr 

SEI ED 6056.00 Reeada ces kcevecwnanis (19) 

Standard error of fit = 0.21% 

The fit has not been improved by the inclusion of 
additional variables. 

‘The standard errors of observation turn out to be 
0.19, 0.19 and 0.43, showing that the agreement is 
better than our a piort estimate of the precision of 
our work. This also is confirmation of the satisfac- 
toriness of the form of our equations since they ex- 
press the relations as accurately as they can be mea- 
sured. 
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As has been said before “second stage” annealing is 
of little practical interest since operations should be, 
and are frequently (even if unconsciously) conducted 
to take maximum advantage of “intermediate stage”’ 
annealing. This leaves no definable starting point 
for any first stage which might be intended. As ap- 
plying to annealing commencing with a graphite 
pearlite structure not containing free ferrite, Anthony 
calculated— 

For second stage annealing:- 
For Plant A:— 

log % combined carbon—0.2507—0.6407 x %Si 

be (RIEL ORI METERED SRT (20) 

Standard error of fit = 0.05% 

For Plant B:— 

log % combined carbon=0.5635—0.8132 x %Si 

Ee eee er rere ee ee Pe ern T (21) 

Standard error of fit = 0.06% 

For Plant C:— 

log % combined carbon=1.3812—1.6796x%Si 

SS a a ee Te eee eee ere (22) 

Standard error of fit = 0.07% 

Or more completely:— 
For Plant A:— 

log % combined carbon=2.2130—0.8954%Si 

EE. occa crc eeceenew esadeseses (23) 

Standard error of fit = 0.053 
For Plant B:— 

log % combined carbon=2.5146—0.8785 x %Si 

SE i 66s80dsebeens oensk esas (24) 

Standard error of fit — 0.061 
For Plant C:— 


log % combined carbon = 2.7532—2.0140x%Si 
EES nis Cacicness $4 vase eeawnne bs (25) 
Standard error of fit — 0.045 


Only for Plant C is there a marked improvement. 

An insufficient number of samples was studied for 
the inclusion of other variables. 

For any realizable values of combined carbon these 
numbers compare favorably with standard error of 
observation of log % combined carbon which is the 
principal contributor to the standard error of obser- 
vation of these equations. 

Largely as a matter of information the relation of 
nodule number to chemical compositions was com- 
puted for quick heating (i.e. in 4 hr to 900 C). 
Plant A:— 


N/mm? — —-705—376<%C+1558 %Si+21067 
SET oii} 6b SKG eC RPEEOE NE wen Cebens caee es (26) 
Standard error of fit — 26 

Plant B:— 
N/mm? = 73—-47x%C+84« %Si+23%B . (27) 
Standard error of fit = 3 


Plant C; 

N /mm?=229-—112%C+134x %Si—14381 x 

POCO ee er eT Sees «bearer heey (28) 

Standard error of fit = 5. 

The standard errors of observation of nodule num- 
bers were 5, 3 and 5 and of the equations as a whole, 
27, 3.1 and 1 respectively. Plainly our equations are 
as good as the observations. 

All the data are specific to the 14-in plate. Inves- 
tigations not here reported indicate that the graphite 
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formed under the same circumstances during “firs 
stage” graphitization in the center of 114-in. plates 
requiring four times as long to freeze (by actua 
test) would be about 0.7 times that here recorded. 


Discussion of Secondary Graphitization Data 

The loci of Equations (2) to (5) intersect, gen 
erally near to or above the practical limits of silicon 
content and the relations are such that at usual sili 
con values the metal having the highest coefficient 
of silicon is the one annealing most poorly for a given 
silicon content. Near | pct silicon Plant A produced 
metal graphitizing about 20 times as fast as B’, the 
differences are thus of major significance. 

It is not necessary to seek separately for explana- 
tions of the coefficient of silicon and of the constant 
in these equations for it can be shown that very 
closely 

Constant = 1.494 x coefficient — 2.4365 
so what explains one explains the other. 

Perfect correlation by rank exists between the co- 
efficients of silicon in Equations (2) to (5) and the 
rate of thruput of cupola and air furnace, the rate of 
thruput per square foot of hearth area, the iron/coal 
ratio, cupola carbon, silicon loss in the cupola, sili- 
con loss in the air furnace and perhaps carbon loss 
in the air furnace, (There is about an 8 pct chance 
of achieving perfect correlation, accidentally). 

Many of these variables are obviously inter-corre- 
lated and we have regarded cupola oxidation and 
thruput per unit area of hearth as the significant 
factors. 

Plants A and C, having the lower coefficients of 
silicon, have the higher pig content in the charge 
and also somewhat the higher steel. Of the two, A 
and C at similar pig content, C with the lower steel 
has the better annealability and the same is true of 
B and B’. 

The two latter differ in moisture more than any 
other pair and differ but little in annealability, which 
rather militates against using blast moisture as an 
important item. 

The line of regression of the coefficient on cupola 
carbon has a standard error of 0.17. Those on thru- 
put and silicon loss (% silicon in the cupola charge 
— % silicon in cupola melt) have standard errors 
several times larger. Its equation is 

Coefficient = 52.9888 — 18.048 x % C 
An attempt to reduce its error by including moisture 
or rate of thruput proved useless. However, the equa- 
tion 

Coefficient = 52.8854 18.048 « % C + 0.3850 

I ii Wed irnictom annlt griet dite mine aa hibaCe (29) 
has a standard error of estimate of only 0.12 and is 
thus an improvement. Let the reader carefully re- 
member that this equation is an empirical statement 
of an existing numerical relation. It says nothing 
about the actual mechanism of the process and may 
be an expression of deeper causes such as pig iron in 
the charge plus oxidizing action in the cupola. 

We have previously found a relation between the 
coefficients and constants of Equations (2) to (5). 
Combining that relation with Equation (29) we 
have: 





— Se A 


oa sm. ws wee OO mAlUrMOlUCcDlC elUlUCU MCF 


mn. 





H. A. ScHwartz, W. K. Bock ANnp J. D. HEDBERG 


og % completion = (52.8854 — 18.048 x % Cupola 
C + 0.3850 « % Si loss) K (% Si — 1.494 + 2.4365 

SAAD RRR es ne aed. ebm ein wet nw (30) 
which should be of general application. 

The accelerating effect of a pretempering heat 
treatment on first stage annealing is well known and 
has been discussed elsewhere!’ in relation to hydrogen 
content and nodule number. From what has just 
been said as to melting conditions and the effect of 
silicon, some further observations seem desirable. 

Equations (12) and (13) give the relation of silicon 
to per cent completion. 

Comparing these with Equations (2) and (3) we 
observe at Plant A the coefficient and constant have 
increased slightly and at Plant B both have greatly 
decreased, passing the coefficient for A. The differ- 
ences in the former case are probably within the ex- 
perimental error; in the latter case the heat treatment 
has overcome the effect of differences in the operating 
practice which caused differences in annealability. 

At first this was ascribed to the removal of hydro- 
gen, A and B differing greatly in blast moisture. The 
data of B’, however, obtained under moisture condi- 
tions similar to those of A, represent, without pre- 
treatment, more nearly the conditions of B than those 
of A or of B with pretreatment. This confirms the 
earlier conclusion that blast moisture is not import- 
ant in determining the silicon coefficient. Pretemper- 
ing’s effect, in removing the effect of variations in 
melting, must be ascribed to some other mechanism 
which could operate under the conditions of B but 
not of A. Experiment on other metal has demon- 
strated an increase in nodule number without furn- 
ishing a clue to how the number is increased. 

It seemed probable a priori™ that nodule number 
should be positively and linearly correlated with 
graphitizing rate. 

A direct comparison of the changes in silicon co- 
eficient and nodule number resulting from pretem- 
pering is possible from a comparison of Equations 
(2) and (12) and (3) and (13), together with nodule 
counts listed in Tables 12, 13, 16 and 17. 

Here pretempering has sometimes increased and 
sometimes decreased the nodule number. The silicon 
coefficient changed in the opposite direction to the 
change produced in nodule number and the con- 
stant did likewise. The standard deviation of nodule 
number changed in the same direction as the number 
itself but not in direct proportion. 

Evidently nodule number cannot be dismissed as 
not contributing to graphitizing rate and further com- 
parisons are in order. Comparing the silicon coeffi- 
cients of Equations (2) to (5) inclusive with the mean 
nodule counts computed from Tables 12 to 15, in- 
clusive, we have: 





Plant N/mm? Coefficient 
~ A 75 $3.25 
B 55 5.24 
Cc 78 1.96 
B’ 60 4.56 





Perfect correlation by rank exists. We have pre- 
viously observed similar perfect rank correlation be- 
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tween the silicon coefficient and cupola carbon and 
other melting variables. These then are also per- 
fectly correlated, by rank, with nodule number. 

Since Equations (26), (27) and (28) correlate nod- 
ule number with composition, particularly silicon, 
and since the above table indicates a relation of sili- 
con coefficient and nodule number, an unsuccessful 
attempt was made to evaluate the effect of an inter- 
action of silicon and nodule number. The resulting 
equations were more cumbersome and offer no sig- 
nificant improvement in fit. 

Another aspect of the probable error matter is in 
the confidence we can have in the accuracy of the co- 
efficients of the several variables in our equations con- 
necting the amount of graphite formed under given 
conditions with composition and nodule number. 

We assume the “fiduciary limit’ of 5 pct; that is, 
we agree to believe that any event which has 5 pct or 
less chance of accidental occurrence, is real. This 
does not imply the reverse assumption that observa- 
tions having more than 5 pct chance of accidental 
occurrence are not real. It merely means that if we 
choose to believe something is real even if the chance 
of accidental occurrence is larger, our observations 
cannot be used to support the assumption. 

Considering the coefficients of boron, chromium 
and nodule number in Equations (6), (7) and (8), 
it is found that by our definition only the coefficients 
of boron and nodule number in Plant C are signi- 
ficant, i.e., are not zero. These coefficients also differ 
significantly from the average values for the three 
plants for the two coefficients. It is thus not permis- 
sible to use the average value in each of the three 
equations. For boron no single value can be found 
which would not differ significantly from at least one 
of the observed values. Thus the boron coefficients 
cannot be dismissed as actually identical for the three 
plants. 

The value 0.001 does not differ significantly from 
any of the coefficients of nodule number, and, if we 
chose to use it in all three equations, our data would 
not deny its validity. 

The coefficients of chromium do not differ signi- 
ficantly from zero or their average value, and a single 
value (—-3.45706) could be used in all three equations 
without doing violence to our observations. It must 
be remembered that the contribution to precision of 
the equations, made by these variables, was not large 
enough to be real with certainty. 

Turn now to Equations (17), (18) and (19) for 
intermediate stage annealing; we find first that the 
silicon coefficient cannot be interpreted as being alike. 
Of the other variables only the boron coefficient at 
Plant A and the nodule coefficient at Plant B are 
certainly not zero. None of the boron coefficients dif- 
fer significantly from their mean value (—30.41) and 
that value could be substituted without danger of 
statistical contradiction for any of them. This in- 
cidentally disposes of the anomalous sign for Plant 
B. No single value of the nodule coefficient will dif- 
fer insignificantly from all the observations and these 
separate values are not accidental variations from 
some intermediate number. 

Any value from 0 to 8 could be assigned to the 
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chromium coefficient without disproof by the statis- 
tics. Thus we can lay little weight on any (small 
positive) number. The negative numbers are prob- 
ably unreal. 

The coefficients of silicon in Equations (20), (21) 
and (22) are all significant. Their mean value is 
1.0445. The coefficients for Plants A and B do not 
differ significantly from this value but Plant C has a 
6 pct chance of being due to accident, which is al- 
most up to our 5 pct fiduciary limit. 

Our data do not permit valid comparisons involv- 
ing variables other than silicon. Comparing the co- 
efficients of silicon in Equations (2), (3), (5), (12), 
(13), (14), (15), (16), (20), (21) and (22) it will be 
seen that the potency of that element does not fall 
in the same order (or reverse order) for the three 
stages of anneal. 

Prompted by the parallelism of N/mm? and sili- 
con coefficient (see page 12), which persists also if the 
data for pretempered iron are inserted, and by the 
suggestion of Milton Tilley that the changes in melt- 
ing conditions go hand in hand with changes of 
nodule number, we find that:— 

Coefficient of Si = 483.98 A — 3.7739 ...... (31) 
Here A is the area per nodule, i.e. mm2/N, which is 
found more nearly linearly related to the coefficient 
than the latter value. 

Combinations of Equations (31) with (29) or with 
the unnumbered equation correlating the coefficient 
and constant lead to no usable conclusion. The equa- 
tions are derived from, and apply to, the averages 
for the several plants and are apparently not applic- 
able within individual plants. 

It is interesting that in first stage anneal an in- 
crease in Mn/S consistently favors graphitization and 
in intermediate stage the reverse is true. This must 
be read as applicable within the specific composition 
range of the present data. Presumably an excess of 
either manganese or sulphur is harmful to graphitiza- 
tion and there should be an optimum relationship of 
the two elements. The present observations point to 
different optima for first stage and intermediate stage 
graphitization. Quite plausible explanation of this 
is possible but inappropriate in a paper dealing with 
observed relationships and not with principles. 

Having found that the graphitizability of this metal 
can be studied with considerable satisfaction without 
consideration of elements other than silicon, we pro- 
ceed to a brief graphic comparison of the effect of 
that element on annealing time at the several plants. 


Fig. 6—Time for 2 Com- 
pletion of First Stage 
Graphitization as a Func- 
tion of Silicon. 
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In Fig. 6 the time required to complete 14 the re- 
action possible at 900 C (1650 F) has been plotted as 
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a function of silicon for the three plants and for the 
pretempered metal at two of them. (Actual comple 
tion is unattainable but 90 pct completion can _ be 
had in about 314 times the time for 50 pct comple 
tion and 95 pct completion in about 6 times that for 
50 pct). Plant B differs greatly from A and C but 
after pretempering A and B come close to the unpre 
tempered A. C maintains an advantage at low sili 
con. 


5 140 & Fig. 7—Cooling Rates to 
e 1009 Secure 1% Completion of 
of 60. ‘Intermediate Stage An- 

2 - nealing as a Function of 


A 20 


Silicon. 
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Figure 7 correlates the cooling rate required to 
produce 50 pct completion during intermediate stage 
annealing with silicon content. (Again completion 
is theoretically impossible and 95 pct completion 
would require rates about 0.3 times those for 50 pct 
completion). The greater similarity of A and C as 
compared with B is again evident. 
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Figure 8 contains curves correlating ume tor break- 
ing up at 680 C (1260 F), 50 pct of the pearlite re- 
maining after completion of the supercritical reac- 
tion. (For 95 pct completion these times would have 
to be multiplied by about 3.3). The enormous handi- 
cap imposed by low silicon is evident. The dotted 
lines show /0 times the time required to complete the 
decomposition of pearlite to the same degree (50 pct) 
in the intermediate stage. The difference is most 
marked for B, then C and lastly A. The differences 
increase with decreasing silicon. 


Conclusions 


The authors offer no conclusion as to causes or 
mechanisms; only as to relationships. 

Mottling tendency, for a given time of eutectic 
hold in freezing, is a function of carbon and silicon. 
No other variables could be traced as having a de- 
terminable effect. 

First stage annealing rate is predominantly deter- 
mined by silicon. 

The potency of silicon, i.e. the change produced 
in graphitizing rate by a given change in silicon con- 
centration depends very greatly on melting condi- 
tions, which are also accompanied by a change in 
nodule number. The differences in potency accom- 
panying changes in melting conditions are minimized 
if heating to graphitizing temperature is slow. 

Intermediate stage annealing by the reaction con- 
verting austenite to ferrite and graphite is the fast- 
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est method for destroying pearlite. Its rate again is 
primarily a function of silicon content. As before, 
the silicon potency is variable but its changes have 
not been correlated with other variables. As for first 
stage, the potency at various plants varies but is 
rather nearly alike for A and C and decidedly differ- 
ent from B in the same direction. 

The effect of Mn/S ratio is in the opposite direc- 
tion for first stage and intermediate stage graphitiza- 
t10on. 

Our equations fit the facts within the observational 
error incident to good analytical work. Nevertheless 
we cannot speak positively regarding the quantitative 
effects of other variables. Their concentration and 
potencies produce variations whose results are largely 
obscured by experimental errors and silicon effects. 
Some of them at least may have potencies varying 
with process changes. 
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DISCUSSION 

Chairman: C. F. SEMRAU, Illinois Malleable Iron Co., Chicago. 

Co-Chairman: F. A. Czapskit, Chicago Malleable Castings 
Co., Chicago. > 

Recorder: F. A. CZAPSKI. 

R. W. Heine (Written Discussion): The authors of this 
paper should be complimented on their fine contribution to 
malleable iron metallurgy. The information provided by this 
paper, based on a statistical analysis of extensive data, is of 
great practical value. 

The writer has certain questions which arise from comparing 
the authors’ conclusions with those of the writer's, based on 
laboratory experiments performed in connection with the AFS 
malleable iron division research project. 

MOTTLING 

Considering the graphs, Fig. 1, the total spread of carbon 
content for mottling in a particular section size and silicon 
range appears to be about 0.30-0.50 per cent C. A number of 
possibilities were studied by the authors, apparently without 
satisfaction. The writer wishes to offer melting furnace atmos- 
phere effects as a possible source of this carbon range varia 
tion. In the AFS malleable project work, it has been found 
(See report, pp. 107-130) that the carbon content for mottling in 
an iron of about 1.30 per cent Si may be altered from about 
2.35 per cent C to over 2.85 per cent C, depending on the 
melting furnace atmosphere. Minimum carbon content for 
mottling is promoted by CO or CO-rich atmospheres. Higher 
carbon contents for mottling are caused by N, air, H,O, and H, 
melting furnaces atmosphere. An example of this effect is 
illustrated in Fig. A. Shown in Fig. A is the sprue test frac- 
ture, 2 in. in diameter by 9 in. long, taken from 100-Ib heats. 

The metal in Fig. A was held for 1 hr at 2800 F under CO 
and N atmospheres, respectively. While the iron in Fig. A is 
not completely white, the effect of the atmosphere is well illus- 
trated. In other experiments, it was found that the mottle 
point was about 2.35-2.40 per cent C under CO atmospheres 
and 2.55-260 per cent C under N atmospheres. Extensive data 
of this type are given on pages 107-130. Thus, it appears that 
the “b” value below which no mottling occurs may be mark- 
edly altered by melting furnace atmosphere. It is our hope 
to eventually extend our studies to furnace atmospheres of a 
practical combustion nature to further explore this point. 





Co Atmosphere N 

2.60 %C 2.67 

1.25 % Si 1.24 

2800 Pouring Temp. 2800 
Fig. A. 


FIRST STAGE GRAPHITIZATION 

In your consideration of first stage graphitization you bring 
out the point that Plant A produced metal graphitizing about 
20 times as fast as Plant B prime, with metal at 1 per cent 
silicon; and, again, you state that the difference in anneability 
correlates with melting practices. In our experimental work we 
have found that the melting furnace atmosphere has a marked 
effect on the ability to eliminate carbides during first stage 
graphitization. Carbon monoxide-rich atmospheres were found 
to cause an extension of the time required for first stage graphi 
tization, as compared with nitrogen and air atmospheres. | 
wonder if the difference in the metal from Plant A and Plant 
B prime may in part be related to the differences in melting 
conditions, especially the combustion conditions and resultant 
gases. 

Another conclusion of interest in your paper is the statement 
that moisture in the blast appears to have little effect on first 
1 Associate Professor of Metallurgical Engineering, Dept. of Mining and 
Metallurgy, University of Wisconsin, Madison. 
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stage graphitization. This was also a conclusion which we 
came to in our work on the malleable project, although not as 
positively as in your work. 

In your conclusions the statement is made, “The potency of 
silicon, i.e., the change produced in graphitizing rate by a 
given change in silicon concentration depends very greatly on 
melting conditions, which are also accompanied by a change 
in nodule number.” I am certainly in agreement with this 
conclusion since we have found great differences in nucleating 
tendency and graphitizing rates, depending on melting furnace 
atmospheres. I believe that it is quite satisfying to note that 
similar conclusions have been obtained using two distinctly 
different methods of approach. 

With regard to first stage graphitization, there appears to 
be marked agreement between the statistical analyses of plant 
operating data and the laboratory experiments performed for 
the AFS malleable iron research project when the same points 
are under consideration. 

Dr. ScHwartz (Reply to Prof. Heine): It is gratifying to 
note that Prof. Heine finds points of agreement between his 
work and ours. Since we have no observational knowledge of 
any aspect of the melting furnace atmosphere composition, we 
cannot intelligently discuss our data from that viewpoint. It 
has been an object of our work to discuss only those variables 
which we could actually measure. 

It may not be amiss, however, to make some comment on the 
general subject of furnace atmospheres insofar as these have 
been known to us in other connections. 

In a duplex operation we might be concerned with two dif- 
ferent atmospheres; that in the cupola and that in the air 
furnace. The silicon loss in the cupola at Plant B is consist- 
ently higher than that at either Plant A or Plant C. If this is 
related to the composition of the cupola flue gas, then one 
might suspect a difference in flue gas composition. As _ be- 
tween Plant B on the one hand and A and C on the other, we 
do not note any difference in mottling tendency. Since we 
do not know, but only imagine, that the difference in silicon 
loss is related to a difference in atmosphere, this negative result 
does not disprove a relation between cupola atmosphere and 
mottling rate but may merely prove that our speculation that 
the atmospheres were different, is wrong. 

It is quite possible that if we had flue gas analyses of the 
duplex furnace corresponding to all of the 200 odd test results, 
something might have been learned on this subject. We did 
not make these analyses for two reasons. First, we do not 
have in mind that anything very useful would result, and 
second, the keeping of a Research Analyst at each plant to 
make continuous analyses on so many days would have been 
prohibitive anyway. 

The reason we would not a priori have thought the labor 
well spent is that we have never found any enormous differ- 
ence of composition in the atmospheres of commercial rever- 
beratory furnaces. We think we have proved that the equili- 
brium between carbon, oxygen and hydrogen in the gas is 
reached with greater precision than an analysis can be made, 
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and we think that the carbon monoxide-carbon dioxide equili- 
brium approaches measurably close to the equilibrium condi- 
tions for metal of a given carbon content. We may be in 
error on this point and disclaim specific knowledge pertinent 
to the present investigation. It is possible, but in our opinion 
unlikely, that the air furnace gases in the three plants differ 
systematically, 

All this sums up to the original statement that we are with 
out observational knowledge to confirm or reject Prof. Heine's 
suggestion that the compositions of the melting furnace at- 
mosphere explain any of the matters which we have recorded 
In any event we are glad that he does not feel they contradict 
his observations. 

Co-CHAIRMAN Czapski: Dr. Schwartz I note in some of the 
tables containing the chemical composition of the hard iron 
representing the three plants there is a wide range in the 
boron content. I am thinking of boron contents ranging from 
0.001 to 0.007 per cet being used with hard irons containing 
an average chrome of 0.03 to 0.04 per cent. Is this not unusual? 

Dr. ScHwartz: This may be attributed to the boron addi- 
tion having been made to the air-furnace bath in place of ladle 
additions. 

W. G. Witson:* My question also relates to the effect of 
boron in the equations which you have presented. In the 
equations in which you give a number of factors affecting the 
annealability of malleable iron, you have given a quantity 
representing the effect of boron. In the equations representing 
the annealing times required at plant A and C, the signs in 
front of the factor representing the effect of boron are negative 
and in the case of plant B, the sign is positive. As I under- 
stand these equations, the difference in the signs means that 
in two cases the effect of boron is negative, or has a retarding 
effect on annealability, and in the other case, the effect is posi- 
tive, or promotes annealability. Would you care to comment 
on this question? 

Also, Dr. Schwartz, you have been one of the strong pro- 
ponents of the use of ferroboron in malleable iron. Therefore, 
I wonder if, as a result of this work, you are reversing your 
position on the effect of boron in malleable iron. 

Dr, ScHwartz: Since most malleable graphitization problems 
relate to intermediate stage graphitization, equations 17, 18 
and 19 are the more pertinent ones. In these equations the 
coefficient of boron is observed to be quite variable and also 
the changed sign at Plant B. At that plant, however, the co- 
efficient is very small. 

In the discussion of secondary graphitization data (see p. 
239) it is stated “None of the boron coefficients differ signifi- 
cantly from their mean value,” which is about —30. It is thus 
shown that an increase in boron decreases the logarithm of the 
combined carbon for a given heat treating cycle, which con- 
firms the idea that boron acts favorably in intermediate state 
graphitization. 


2 Metallurgist, Molybdenum Corporation of America, Chicago, 
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PERFORMANCE OF CAST AND ROLLED STEELS IN RELATION 
TO THE PROBLEM OF BRITTLE FRACTURE 


By 


W. S. Pellini?, F. A. Brandt* and E. E. Layne* 


ABSTRACT 
The inherent characteristics of cast steels in relation to the 
problem of brittle fracture are established and compared to the 
characteristics of rolled steels of equivalent metallurgical type. 
It is demonstrated that conventional Charpy V and Keyhole 
notch toughness properties of cast and rolled steels are similar; 
also, that the resistance to brittle fracture is exactly the same. 
The significance of notch toughness data is deduced by means 
of tests designed to develop brittle fracture under the same 
conditions that brittle fracture is developed in service. The 
theoretical and engineering aspects of the development of brittle 
fracture are discussed for the purpose of presenting compre- 

hensive analysis of the overall problem. 


Introduction 

The problem of the brittle fracture of apparently 
ductile steels is probably as old as the use of the 
metal itself. Crude nick-bend tests of various types 
have been used for many centuries to evaluate the 
tendency of steels to brittle fracture. Present day 
Charpy and Izod notch-bend tests which were first 
developed approximately 50 years ago, represent re- 
finements of these older methods. Despite the wide- 
spread use of notch-bend tests for specifications and 
despite advances in our knowledge background, the 
problem of brittle fracture is presently more serious 
than ever before. This is the result of the increased 
design complexity, higher stressing and lower tem- 
peratures of services which are required of engineer- 
ing structures and machinery components. The pre- 
mium which is placed on lightness and design eff- 
ciency does not permit over-design, which was the 
common procedure of the past. For many applica- 
tions safety must be ensured by the use of metals 
which are inherently resistant to brittle fracture. 

The inherent quality of cast steels in relation to 
brittle fracture is of considerable engineering and 
economic significance. Unfortunately, the general 
opinion of engineering circles regarding cast steels is 
based on old comparisons which now should be re- 
considered. In great part these comparisons con- 
cerned the relative performance of similar types of 
mild steels used either as castings or as rolled plate 
members of riveted structures. The rolled steels gen- 


;Head and *Metallurgist, Metal Processing Branch, Metal- 
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erally performed satisfactorily while the cast steels 
were noted to be susceptible to brittle fracture. Ac- 
cordingly, it was concluded that cast steels were in- 
herently brittle in comparison to rolled steels. 

With the advent of welding fabrication the for- 
merly reliable rolled steels also demonstrated suscepti- 
bility to brittle fracture. The dramatic failures of 
welded bridges, pressure vessels and merchant ships 
entailed the brittle fracture of the same steels which 
had formerly performed satisfactorily in riveted struc- 
tures. The causes of this change in the performance 
of rolled steels were gradually clarified during the 
past few years as being due to a combination of cir- 
cumstances including: (1) The presence of sharp 
cracks resulting from welding and (2) the rigidity 
and continuity of the all-welded structure, described 
as monolithic design. 

Riveted structures in general do not contain severe 
defects such as cracks; moreover, the lack of rigidity 
permits small movements at highly stressed points 
with consequent redistribution of loads. Castings, 
like weldments, are monolithic and subject to the 
presence of defects at critical design positions. Inas- 
much as the rigidity of such structures does not per- 
mit shifting of overloads, regions of high stresses or 
localized deformation are developed at critical posi- 
tiors. 

Brittle cracks which may start from flaws at these 
positions may then progress to the complete collapse 
of the structure, because of the continuity afforded 
by welded or cast design. Riveted design provides a 
protection in this respect since cracks, if developed, 
are generally stopped at riveted laps. Welded ships, 
for example, are now protected from complete failure 
by the use of riveted joints termed “crack arrestors”; 
these are placed at strategic points on the ship. 

It may be concluded that the unfavorable showing 
of cast steels as compared to rolled steels observed 
before the advent of extensive welding fabrication 
was due, at least in part, to structural differences 
rather than to differences in the inherent resistance 
to brittle cracking. While both rolled and cast struc- 
tural mild steels have demonstrated tendencies to 
brittle fracture at normal service temperatures the 
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question of the relative tendencies in this respect 
has remained controversial. 

It is now considered that the overall problem of 
brittle fracture may be separated into two general 
aspects: 

(1) The aspect of design and fabrication. This 
aspect concerns the factors of structural continuity, 
rigidity and probability of flaws; i.e., mechanical 
factors which relate to conditions which favor the 
initiation and propagation of brittle cracks. 

(2) The aspect of the inherent notch toughness, 
i.e., the intrinsic properties of the material with re- 
spect to brittle fracture. This aspect concerns ma- 
terial properties and primarily relates to metallurg- 
ical factors. 

The separation of the brittle fracture problem 
into mechanical and material aspects is realistic in 
that the level of notch toughness required of the 
metal is related to the design and methods of fabri- 
cation. In general, notch toughness specifications are 
aimed at obtaining materials of sufficient notch tough- 
ness to insure satisfactory performance for specific 
conditions of service. The problem cannot be re- 
solved by requiring excessively high levels of notch 
toughness since the metallurgist can provide this only 
by expensive alloying. Castings for general service, 
for example, cannot be made using alloy steels be- 
cause of economic limitations. The problem there- 
fore entails establishing notch toughness require- 
ments which are a realistic compromise between serv- 
ice and cost factors. In this respect the question of 
the relative notch toughness of cast and rolled steels 
assumes importance equal to questions of relative 
production costs in design decisions. 

In order to assess the relative position of cast and 
rolled steels in relation to the problem of brittle frac- 
ture it is essential to consider not only the relative 
notch toughness as indicated by conventional lab- 
oratory tests but also the significance of these tests. 
For purposes of presenting a broad analysis of this 
problem the present report includes an initial sec- 
tion entailing a general discussion of the basic fac- 
tors which determine the development of brittle 
fracture. 


Mechanical Aspects of Brittle Fracture 


It is generally recognized that the conditions which 
are conducive to brittle fracture entail: 

(1) Unfavorable stress systems such as developed 
by notches or sharp cracks. 

(2) Low temperatures. 

(3) High strain rates as represented by rapid load- 
ing. 
Of these three factors the stress system and tempera- 
ture are by far the most important. The use of the 
term “impact tests” in regard to Charpy and Izod 
type tests is misleading for it connotes that the prin- 
cipal feature of the tests is the impact blow. The 
notch and the use of low temperatures are the prin- 
cipal features of these tests, the feature of impact 
loading is of secondary importance. 

The nature of the mechanism of brittle fracture 
was practically unknown 30 years ago. However, 
considerable progress has been made, particularly 
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during the last ten years, so that today a fairly com 
prehensive understanding has been evolved. As 
first consideration it should be recognized that frac 
ture may occur by a process of shear or by a proces 
of cleavage. The shearing process entails plastic de 
formation with consequent high absorption of en 
ergy; such fractures commonly show a fibrous tex 
ture representing a multitude of small tensile rup 
tures of single or groups of grains. The cleavag: 
process entails the separation of individual crystals 
in the absence of deformation with consequent low 
energy absorption; such fractures commonly show a 
grain texture representing the facets of cleavage 
planes of the individual grains. 

Figure | illustrates the significant differences in 
the mode of propagation of the two types of frac 
ture. Fibrous fracture proceeds by a relatively slow 
tearing process which requires continued application 
of load and high input of energy. Brittle fracture 
proceeds in a rapid and spontaneous fashion, i.e., 
the elastic strain energy (elastic “spring’’ action) de- 
veloped by the initial load serves to provide all of 
the small amount of energy required for propagation. 
In this sense brittle fractures may be termed “free- 
running” in that propagation is not dependent on 
continued loading. 


Fracture Types 


Most metals prefer to fracture only in one man- 
ner, i.e., either by shearing or by cleavage. A few 
metals, of which iron in the form of steel is the out- 
standing case, may be made to change relatively eas- 
ily from one mode of fracture to another. It should 
be noted that these statements pertain to changes in 
the mode of fracture and not merely to decreases in 
ductility by concentration of strain to small regions. 
For example, most metals when notched show a de- 
crease in ductility as judged by the extent of defor- 
mation developed prior to fracture; however, only 
certain metals show the familiar transition from duc- 
tile to brittle fracture due to increased notch sharp- 
ness and decreased temperature. 

Figure 2 illustrates that metals having a body-cen- 
tered cubic crystal structure (B.CC.) show tempera- 
ture transitions while face-centered cubic (F.C.C.) 
metals do not. The energy curve presented for the 
F.C.C. metal may be lowered by a sharper notch, 
however, the important fact to note is that a tempera- 
ture transition is not developed in any case; actually, 
the energy curve rises with decreased temperature 
indicating increased resistance to shearing. 

In considering the mechanism of brittle fracture 
it is necessary to differentiate between the nature of 
the initial notch or crack (flaws) which precipitate 
failure and the nature of the fracture which then 
propagates through the material. The nature of the 
original notch or crack is all-important in determin- 
ing the extent of deformation which precedes the de- 
velopment of the fracture. The nature of the frac- 
ture per se is established primarily by the inherent 
properties of the metal at the temperature in ques- 
tion. In other words, the original “notch” provides 
the inducement to brittle failure while the metal it- 
self determines if the inducement is acceptable by 
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permitting, or not, development of a brittle fracture. 

The energy developed in the fracture of Charpy- 
type specimens represents the sum of two specific en- 
ergies: (1) the energy required for pre-crack deforma- 
tion, and (2) the energy required for crack propaga- 
tion. Figure 3 presents a simplified illustration of 
the effect of notch sharpness and lowered tempera- 
ture on pre-crack and post-crack deformation; high 
energy absorption is indicated schematically by the 
volume of metal deformed prior to cracking and by 
the development of fibrous type cracks. It should be 
noted that in the case of fractures of intermediate 
energy absorptions characteristics, the crack which is 
initially of a fibrous nature gradually gravitates to 
cleavage type as the crack front is sharpened during 
the process of crack propagation. 

It is observed from the schematic drawings that 
the effects of increasing notch sharpness entail de- 
creasing pre-crack deformation and producing a 
sharper initial crack. The conditions represented are 
specific for the fracture mechanics of the three speci- 
mens at a temperature “T”’, as related to the energy- 
temperature transition curves shown. It is observed 
also that the effects of decreased temperature entail 
similar mechanics in the temperature range of pos- 
sible brittleness. At a certain limiting high tempera- 
ture brittle fracture becomes impossible regardless of 
notch sharpness. 

The effects of notches in limiting the amount of 
pre-crack deformation and promoting cleavage arise 
from several related factors: 

(1) Concentration of strain to small volumes at 
the tip of the notch. 

(2) Increase of stress level at the notch tip above 
that of the applied nominal stress. 

(3) Increase of the strain rate at the point of local- 
ized deformation. 


Fig. 4— Notch stress conditions. 
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(4) Development of triaxial stress conditions. 
These factors may be summarized to a simple state- 
ment—notches restrict deformation to small regions 
and at the same time act to prevent the small amount 
of flow which tends to develop. Under such contrary 
conditions the metal, if susceptible to cleavage, has 
no choice but to do so. 

The mechanics by which notches act to prevent 
flow require discussion. This question relates pri- 
marily to the stress state developed at notch fronts. 
Figure 4 illustrates the stress state factors schemati- 
cally. The stress concentration signifies that plastic 
flow starts at the notch root at nominal elastic loads. 
The triaxial stress condition signifies that plastic flow 
is made difficult by restraint in all possible directions. 
It is observed that the principal stress “1” acting 
normal to the notch is opposed by a lateral stress 
“2” acting along the base of the notch and by a 
thickness direction stress “3’’ acting in the direction 
of the notch. In simple or uniaxial tension as de- 
veloped in a tensile bar the opposing stresses “2” and 
“3” are absent; accordingly, elongation in the direc- 
tion of loading, with consequent reduction in thick- 
ness, is not opposed by lateral restraint stresses. In- 
creasing the sharpness of the notch causes stresses 
“1”, “2” and “3” to approach balance; as the opposi- 
tion to flow in the various directions approaches bal- 
ance, it becomes impossible to develop flow in any 
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direction whatever. This situation is similar to the 
case of an object for which the action of forces tend- 
ing the cause movement in one direction is countered 
by balanced opposing forces. 

Restricting flow has the serious effect of permitting 
a rise in the level of the principal stress “1” to a 
point at which cleavage occurs (cleavage stress). It 
is thus possible to restrain flow to a point such that 
brittle fracture occurs before appreciable plastic de- 
formation is developed at the root of the notch. The 
amount of deformation (hence ductility) developed 
is directly proportional to the degree of flow re- 
straint. Thus, sharp notches which feature high tri- 
axiality limit deformation to small amounts while 
notches of lesser sharpness which feature lower tri- 
axiality permit greater deformation. Figure 5 illus- 
trates graphically that the extension (plastic flow) 
resulting from a given stress level (principal stress 
refers to stress “1” in the case of notches) depends on 
the nature of the stress system as described above. 


Temperature and Strain Rate 

The effects of lowered. temperature and increased 
strain rate basically involve increasing the apparent 
flow resistance (viscosity) of the metal. Tar shows 
similar effects, low temperature and fast loading re- 
sults in fracture without flow while high tempera- 
tures and slow loading are conducive to plastic flow. 
Figure 6 illustrates graphically the flow restricting 
effects of lowered temperature. The effects of in- 
creased strain rate are in the same direction but 
smaller. It is observed that the changes developed in 
tensile specimens (simple tension) are of non-critical 
nature while for notched specimens (triaxial ten- 
sion) the changes may be sufficient to completely 
eliminate flow prior to fracture. 

It is obvious that these various factors operate 
equally for specimens or structures. A simple struc- 
ture without corners or sharp flaws operates essen- 
tially as a tensile specimen. Complex structures with 
sharp corners, or simple structures with crack-like 
imperfections operate as notched specimens. Thus, 
the structure may deform drastically before a fracture 
is started or it may fail under elastic loads. In this 
respect it should be recognized that a sharp corner 
in a structure featuring a stress concentration factor 
of say 2, plus a notch-like defect of stress concen- 
tration 4 at this position effectively operates under 
the disadvantage of a total stress concentration fac- 
tor of 8 times the applied nominal stress. If the steel 
of such a structure permits the development of a 
brittle crack at low levels of notch deformation, the 
structure may fail at loads considerably below the 
nominal elastic limit. The importance of notch tough- 
ness in this respect is clearly evident. 

It is also evident that the designer faces the difh- 
cult task of determining the expected degrce of stress 
concentration in his structure. Stress concentration 
factors pertaining to design (corners, etc.) are read- 
ily determined; however, the great factor of uncer- 
tainty is the chance flaw. With this uncertainty it is 
necessary to either specify steels which are insensitive 
to the presence of severe defects (high notch tough- 
ness) or to apply conservatively high factors of safety 
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often referred to as “factors of ignorance.”” The ig- 
norance in this case may not involve a lack of design 
knowledge but uncertainty as to the nature of the 
defects which may accidentally be developed during 
fabrication or casting. The design difficulty is com- 
pounded by the need to consider factors of cost, de- 
sign efficiency, critical nature of the service, etc., in 
arriving at a decision. It is not economically feasible, 
for example, to design on a 100-1 chance of having a 
severe defect for a structure entailing non-critical 
service. 
Metallurgical Aspects of Brittle Fracture 

The previous section concerned the various me- 
chanical factors which affect the ability of the metal 
to deform in preference to brittle failure. Mechan- 
ical factors affect performance primarily by restrict- 
ing flow and promoting the build-up of stresses to 
values of the critical cleavage stress required for 
brittle fracture. The value of the critical cleavage 
stress is not significantly affected by mechanical vari- 
ables. Metallurgical factors determine the inherent 
ability of the metal to develop deformation despite 
the flow restricting effects of high stress triaxiality. 
The primary effect of metallurgical factors is on the 
level of the “effective” critical cleavage stress. To 
understand the action of metallurgical variables it 
is necessary to consider the mechanism of fracture 
on a micro-scale; for simplicity only the case for 
steels is considered. 

Iron is a relatively low-strength, highly ductile 
metal which is strengthened and somewhat reduced 
in ductility by the addition of carbon which results 
in the formation of a carbide phase. The carbide 
phase is per se a relatively hard and brittle constitu- 
ent not capable of plastic flow and easily subject to 
cleavage. The distribution of the carbide phase is of 
major importance in determining the properties of 
the steel. In general it is desirable to effect a fine 
distribution of the carbide phase (1) since this re- 
sults in a strong keying action which strengthens the 
ferrite matrix and at the same time provides a mini- 
mum path for preferential cracking through the brit- 
tle phase. 

Figure 7 illustrates schematically that the path of 
fracture in a pearlitic steel is preferential through 
the brittle pearlitic patches; this results in lowering 
the effective cleavage stress hence in low resistance to 
brittle cracking. The fine spheroidal structures de- 
veloped in quenched and tempered alloy steels serve 
to strengthen the matrix without providing preferen- 
tial carbide fracture paths. In addition to promoting 
the formation of spheroidal structures certain alloy 
elements have a secondary effect which serves to in- 
crease the strength and ductility of the ferrite by 
solid solution. These combined effects serve to raise 
the effective cleavage stress of the aggregate hence re- 
sult in increased resistance to brittle cracking. 

The worst metallurgical case is presented by car- 
bide structures in the form of a semi-continuous net- 
work which provide a preferential path for cleavage. 
In such a case the effective fracture stress is lowered 
markedly resulting in extremely poor crack resistance. 

With the exception of the case of the brittle net- 
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work, the path of brittle fracture is intragranular, 
i.e., fracture proceeds by the cleavage of individual 
ferrite grains. Since cleavage of ferrite grains can 
occur only in definite crystallographic directions the 
path of fracture is ordinarily changed from grain to 
grain. Inasmuch as a fraction of the grains are poor- 
ly aligned to develop a continuation of cleavage, the 
path of fracture becomes occasionally difficult. Finer 
grain size increases the probability of this difficulty 
hence the fracture stress becomes effectively higher 
thus providing the necessary conditions for increased 
resistance to the brittle fracture. It is evident from the 
above that the intrinsic properties of the steel de- 
termines its sensitivity to the unfavorable mechanical 
factors discussed previously. 


Relative Notch Toughness of Cast and Rolled Steels 


A reasonably significant comparison of the rela- 
tive notch toughness of cast and rolled steels cannot 
be obtained from the available literature. Most of 
the cast steel data pertain to miscellaneous alloy steels 
of poorly defined heat treatment; section sizes are 
rarely stated and test values are given only for a few 
arbitrary temperatures which do not permit the de- 
termination of reliable transition curves. For a valid 
comparison it was deemed necessary to evolve the 
required data directly by tests of a sufficient number 
of steels of comparable type. Such an approach based 
on direct comparison of cast and forged splits of in- 
dividual heats posed a severe economic problem; also, 
the question of laboratory vs commercial heats had 
to be considered in any realistic evaluation. The 
availability of a large body of data developed by the 
Naval Research Laboratory? and The National Bur- 
eau of Standards* entailing complete Charpy V tran- 
sition curves for mild steel ship plates and represent- 
ing a broad sampling of commercial production over 
a period of several years, provided a practical start 
for the desired comparison. These steels for the most 


broad sampling for the tonnage variety of commer- 
cial cast steels of equivalent type. This was solved 
by cooperation of members of the Steel Founders 
Society of America which provided samples taken 
from 14 x i4 x 1)4-in. plates and 6-in. keel blocks 
poured from commercial production heats of Class B 
steels, including all common types of melting prac- 
tice. In addition, similar plates cast from basic in- 
duction heats were made by the Naval Research Lab- 
oratory, Table 1. 

The evaluations of these steels were based on com- 
parisons of the spread of notch toughness transition 
curves for the different types, in order to eliminate 
the uncertainties related to variations in quality with- 
in groups. The Charpy V notch toughness of the 
steels were compared in the following groups: 


Class B Cast Steels Rolled Structural Steels 





(1) Normalized 
(2) Annealed 


(1) Rimmed, as-rolled 
(2) Semi-killed, as-rolled 
(3) Fully-killed, as-rolled 


It should be noted that the comparisons are specific 
to the various commercial types in the common con- 
dition of service use. The Class B steels were fully 
killed with silicon and aluminum which is the normal 
practice required for reasons of castability. The 
fully-killed rolled steels represent a premium product, 
however. 

Any consideration relative to the notch toughness 
transition curves of rolled steels is complicated by 
the effect of orientation of the specimen relative to 
the principal rolling direction. Figure 8 illustrates 
that a significant effect of orientation is shown only 
at Charpy “V” transition temperatures which de- 
velop more than 10 ft-lb fracture energies. Thus, 
notch toughness evaluations based on transition cri- 
terion of 10 ft-lb are not dependent on orientation 
effects. It is interesting to note also, that the tem- 
peratures range of transition from fully ductile to 
completely brittle behavior (fracture transition range) 
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TABLE 1—CHEMICAL ANALYSIS AND TENSILE PROPER- 
Ties Cass “B’’ STEELS 








Heat 
Steel Treat- TS., ¥Z., % % 
No. C,% Mn,% Si,% ment psi psi EL RA 
B. IND. 1 6 2 2 WN 
2 20 59 3! N 63,700 27,150 30.0 61.0 
$3 20 50 30 N 
4 20 59 35 #A 
5 27 68 32 N _ 75,500 30,000 27.5 45.0 
. Ft wa FF A 
, 2 a 
8 .20 50 30 A 
9 27 68 32 A “70,275 41,820 283 58.5 
10 32 60 34 A 
ll 26 57 36 N 61,700 25,400 279 42.0 
12 32 .60 32 N 
13 26 64 44 N 65,500 31,500 108 26.0 
14 .26 57 36 A 
15 25 .56 41 A 67,000 35,000 29.0 50.0 
16 19 49 44 N _ 66,000 29,500 12.0 27.0 
17 31 AZ 30 N 
18 26 ~=«i«644 44 A 66,500 35,000 265 48.0 
19 25 56 41 N 65,000 31,475 15.0 27.0 
20 35 52 43 N_~ 68,000 37,500 98 21.8 
> 2S & 43 N_ 75,750 31,400 22.0 35.0 
z= FS. BS 43 A 74,000 32,500 25.0 36.0 
23 31.47 30 A 
24 $5 .52 43 A 
B.O.H. 1 28 ~=«.70 38 A 67,000 36,000 25.0 47.0 
2 $3 6.78 37 A 65,000 35,000 24.0 46.0 
3 26 72 36 A 68,000 35,000 24.0 48.0 
4 29 72 37 + #.\A 70,000 37,000 240 46.0 
5° 28 .73 38 N 76,000 43,500 26.0 46.6 
6 25 .70 34 N 75,000 40,000 24.0 50.0 
7 28 ~=«.6) 36 N_ 80,000 40,000 24.0 50.0 
8 29 =.70 36 N_ 75,000 40,000 23.0 45.0 
A.O.H. 1 25 65 42 N_ 72,000 38,500 260 42.0 
2 28 «65 43 N_ 71,000 38,250 26.0 41.5 
3 25 55 43 A 71,550 37,200 27.3 42.8 
4 29 ~=.70 29. N_~ 73,000 36,000 260 40.5 
5 23 71 438 N 
6 25 72 44 N 74,100 36,500 27.5 43.4 
, <. 2 N_ 68,700 38,000 29.0 49.7 
8 2 65 i A 70,000 34,750 265 39.0 
9 .28 60 37 A 72,000 36,000 260 39.0 
B.E. 1 26 65 46 A 73,750 46,500 30.0 53.9 
2 28 70 48 A 72,000 40,500 30.0 53.0 
8 .27 66 44 A 75,000 42,500 260 39.0 
4 23 .74 44 A 70,500 41,500 34.5 51.9 
5 .26 .64 40 A 77,000 45,400 30.0 50.8 
6 25 .67 36 N 73,000 48,000 31.5 51.7 
7 .28 63 44 N 77,000 46,500 25.5 49.0 
8 27 66 44 N_ 77,000 47,500 26.5 45.0 
9 23 62 50 N 76,000 47,000 260 46.3 
10 23 .74 44 N 72,200 44,750 260 37.3 
A.E. 1 2 55 36 <A 66,700 $3,150 30.0 523 
2 2. we OO 
> 2:  @ A 
4 25 .60 43 A 
> 2 we ww A 72,250 40,250 30.55 50.8 
‘ 2 Si Ms wN 
7 18 47 ~~ «135 N 
8 25 60 43 N_ 71,500 43,050 30.0 52.3 
9 25 73 34 N 75,800 51,500 31.0 585 





remains unchanged by orientation changes. The im- 
portance of these observations lies in the fact that 
the 10 ft-lb range which represents the last traces of 
ductile behavior of ““V” specimens has been estab- 
lished®-* to be the criterion of significance to the brit- 
tle fracture of common engineering structures. By 
considering the spread of transition temperatures 
based on 10 ft-lb criterion the average quality of a 
specific group of rolled steels may be defined without 
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consideration of orientation effects. For a more de- 
tailed discussion of orientation effects as related to 
brittle fracture and Charpy V transition criteria the 
reader is directed to reference (3). 

It is now conventional to present Charpy V transi- 
tion curves of rolled structural steels in terms of spec- 
imens oriented in the direction of rolling with the 
notch in the thickness direction (L.H. specimen Fig. 
8). All rolled steel data presented pertain to L.H. 
specimens in keeping with this convention. The in- 
dividual curves have been determined using approx- 
imately 20 specimens and may thus be considered to 
be reliable. In general the reader’s attention is di- 
rected to the distribution of the groups of curves 
rather than single curves. Particular attention should 
also be directed to the temperature spread of the 10 
ft-lb energy level in view of the significance of this 
level to the problem of brittle fracture. 

Figures 9, 10 and 11 present group curves for fully 
killed, semi-killed and rimmed structural steels. The 
10 ft-lb and 70 F lines on the various charts provide 
a ready reference of band position. The relative qual- 
ity of these various types is illustrated more clearly 
by the summary band curves of Fig. 12. It is noted 
that there is considerably overlapping of the bands, 
particularly for the semi-killed and rimmed grades. 
The effect of carbon content which is considered an 
important variable in specification of structural steels 
is illustrated in the summary band curves of Fig. 13. 
Despite the overlapping due to grain size .nd other 
incidental variables it is observed that higher notch 
toughness is favored by lower carbon contents. 

Figures 14, 15, 16, 17 and 18 present group curves 
for normalized and annealed Class B cast steels, sep- 
arated with respect to melting practice. It is observed 
that no significant differences are developed due to 
heat treatment; Fig. 19 illustrates that the bands de- 
veloped by the two heat treatments essentially over- 
lap. Figure 20 presents summary bands illustrating 
the effect of melting practice. It is apparent from 
the overlap of these bands that melting practice has 
relatively little effect on notch toughness properties. 

Figure 21 provides a comparison of the summary 
bands for all of the rolled and cast steels. The bands 
are essentially superimposed indicating that the range 
of quality is the same. Comparison on the basis of 
the frequency distribution of the 10 ft-lb transition 
temperature, Fig. 22, indicated that the average qual- 
ity of the Class B steels is slightly better than that of 
the rolled mild steels. This is probably due to the 
higher manganese content used for the Class B steels. 
However, the comparison is valid inasmuch as it is 
based on the properties of the two materials as used 
in service. In fact, the distribution curve of the rolled 
steels would be shifted to higher temperatures if the 
premium-grade, fully-killed steels were eliminated 
from the grouping. 

Figures 23 and 24 present data for various types of 
alloy cast steels (Table 2) representing cast plates 
and keel blocks poured, for the most part, from pro- 
duction heats and heat treated in the same batch as 
the castings poured from these heats. The wide va- 
riety of compositions, heat treatment and other fac- 
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tors prevent direct comparison with rolled steels. 
These data are presented primarily to illustrate the 
wide variety of notch toughness properties which may 
be expected of alloy cast steels. The wide variations 
of notch toughness transition present a self-evident 
case for the use of notch toughness tests to evaluate 
the properties of the final product. 


Performance Evaluation of Cast and Rolled Steels 


As described in the introductory sections of this 
paper the conditions of stress developed in service 
vary from the favorable extreme of simple tension to 
the unfavorable extreme of triaxial tension. For pur- 
poses of this report the condition of simple tension 
may be considered to apply to structures entailing 
only smooth surfaces and well-rounded corners; con- 
ditions of triaxial tension are considered to exist if 
the structure contains sharp notches or cracks. It 
was stated that structures which entail smooth sur- 
faces operate essentially as tensile specimens while 
structures which contain sharp defects operate as 
notched specimens. It is appreciated that a wide 
range of conditions varying from simple tension to 
extreme triaxial tension may be present in struc- 
tures. As a practical approach to the problem of the 
performance evaluation of cast and rolled steels, only 
the two limiting conditions were investigated. 

The method used for this evaluation was developed 
initially to study the performance of weldments.*.° 
The method entails bulging 14 14 3/-in. test plates 
to the point of failure. The high energy required to 
develop bulging in such thick plates is obtained by 
explosive loading. Figure 25 illustrates the general 
features of the method. The test plate is placed over 
a circular die cavity and the explosive is positioned 
at a preset distance above the plate by means of an 
expendable cardboard box. The intense gas pressure 
produced by the explosion serves the dual purpose 
of clamping the plate to the shoulders of the die and 
forcing the development of a bulge in the portion of 


Fig. 21—Quality range of Class B cast 
steels compared to rolled mild steels. 


Fig. 22—-Comparison of quality dis- 
tribution of Class B cast steels and 
rolled mild steels. 
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the plate which is not supported by the die. Tests 
are conducted at any desired temperature by heating 
or refrigerating the plates in controlled temperature 
boxes prior to positioning on the die. 

The performance of the test steels under simple 
stress conditions is evaluated by bulging plates hav- 
ing smooth machined surfaces. If necessary, repeat 
shots are used to develop failure; the temperature is 
re-established between shots by returning to the con- 
trolled temperature boxes. The performance of the 
steels under triaxial stress conditions is evaluated by 
bulging plates which contain a sharp crack. For this 
test a single, low energy shot is used. These two 
types of tests are termed “Bulge Test” and “Crack 
Starter Test’ respectively—the significance of these 
terms will become evident with data presentation. 

Bulge Tests—The “smooth surface” or Bulge Test 
develops essentially a simple tension condition with 
the tension acting equally in all directions (com- 
monly termed “biakial tension”). In keeping with 
this type of stress condition it should be expected that 
extensive deformation should precede fracture, as 
predicted by the tensile specimens. The deep bulge 
developed by a representative Class B steel, shown in 
Fig. 26, illustrates that such is the case. It is observed, 
however, that the fracture which results is of a brittle 
type despite the high ductility demonstrated by the 
extensive deformation which preceded fracture. This 
behavior is not anomalous, it merely indicates high 
pre-crack ductility in the presence of simple stress 
systems and low resistance to brittle fracture follow- 
ing the development of triaxial stress conditions pro- 
duced by the initial crack at the point of failure. It 
will be shown that equivalent rolled steels behave in 
a similar manner. 

The level of pre-crack deformation developed in 
the bulge tests may be represented conveniently in 
terms of the reduction of thickness which preceded 
failure. Figure 27 illustrates the amount of bulging 
that corresponds to a wide range of thickness reduc- 
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tions. Figure 28 presents representative plots of re- 
duction of thickness at fracture for severa] Class B 
steels. In general, high deformations are obtained in 
the range of common service temperatures, demon- 
strating the high ductility which is inherent to cast 
steels performing under favorable stress conditions. 
The various curves shown in Fig. 28 were selected to 
illustrate the tendencies of certain heats to show a 
gradual and consistent decrease in deformation level 
with lowered temperatures while other heats show 
extensive scatter; all test points plotted on these 
curves represent radiographically sound plates. The 
scatter which is characteristic of certain heats is as- 
cribed to microscopic faults not defined by radio- 
graphic methods. This particular question requires 
further detailed investigation. 

Figure 29 presents a summary plot of all bulge 
tests conducted on Class B steels. A number of the 
test points represent plates which contained various 
types of common casting defects. These included: 
center-line shrinkage, small pockets of isolated shrink- 
age exposed to the surface by machining, sand pock- 
ets, small scabs and pinholes. In general, these de- 
fects provided the starting point of final failure, how- 
ever, the effect on the level of deformation developed 
prior to failure was not sufficiently great to overshad- 
ow the chance scatter shown by radiographically 
sound plates. Figure 30 provides examples which are 
related to specific points on the summary plot of 
Fig. 29. It may be concluded that the effective sharp- 





Fig. 25 


ness of common casting defects (with the exceptions 
of hot tears which were not investigated) is not suf- 
ficiently severe to reduce pre-fracture deformation to 
low values. The significance of this conclusion will 
be more apparent following the presentation of the 
crack-starter test data. 

Figure 31 presents representative Bulge Test data 
for a cast alloy steel in a quenched and tempered con- 
dition. The performance band of the Class B steels 








Tasie 2—CHEMICAL ANALYsIs OF CAST ALLOY STEELS (NORMALIZED) 

Steel 

No. C, % Mn, % Si, % Cr,% Ni, % Mo, % Heat Treatment 

1 22 71 54 3 2.22 1650 (2) AC 

2 18 78 37 30 3.36 14 1750 (2) AC 1550 (2) AC 1100 (4) AC 

4 1+ 65 35 2.85 1650 AC 1250-T 

5 -LL4 65 so 2.85 1650 AC 1275-T 

6 14 65 35 2.85 N—N 1200-T 

7 1+ 65 36 3.45 N—N 1200-1 

8 12+ 65 B 1.00 N—WN 1200-1 

y) 144 65 35 2.00 N—WN 1200-1 

10 154 58 30 2.90 N—N 1200-T 

1] 134 65 35 3.50 N—WN 1200-1 

12 104 65 35 4.00 N—N 1200-1 

13 14 64 34 50 N—WN 1200-T 

14 30 71 .29 82 22 1650 AC 1550 AC 1275 AC 
15 16 66 33 95 53 1950 (8) AC 1200 (10) FC 

16 25 1.34 36 14 1650 (2) AC 500 (4) AC 

17 33 1.32 37 ae 1650 (2) AC 1125 (4) AC 

18 25 1.42 42 29 1200 W.Q. 

19 304 1.18 30 1650 AC 1200-T 

20 344 1.10 18 1700 AC 1200 I 

21 .25 1.50 40 30 1700 (2) A€ 1200 (4) WC 

Chemical Analysis of Cast Alloy Steels (Quenched & Tempered) 

25 1.42 42 . 1650 WQ 1200 WQ 

2 304 71 29 82 22 1650 AC 1550 WQ 1275-1 

3 344 1.10 18 1700 AC 1600 WO 1200-1 

4 AQ4 1.08 1600 WQ 1200-1 

5 .25 1.42 A2 1650 AC 1550 WQ 1275-1 

6 35 1.16 Al 24 25 5 1650 WQ 1300 (2) AC 

7 29 1.44 38 3 12 34 1675 (2) WO 1200 (2) AC 

8 304 1.16 1700 AC 1600 WQ 1200 AC 

9 134 3.50 1525 WQ 1200-1 
10 264 .73 43 69 1.10 1650 AC 1550 WO 1275-1 
11 264 62 31 10 3.36 1650 AC 1550 WQ 1250-1 
12 a 1.50 40 30 1700 (2) WQ_ 1100 (4) WQ 

13 I 25 19 1.50 3.00 30 1650 (2) WQ_ 1200 (4) WQ 

14 16 352 28 1.06 38 1700 (2) WQ_ 1200 (4) WQ 


(+) Obtained from various literature sources. 
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greater. The high ductility shown at low temperature: 
by the alloy steel thus reflects, in part, a lesser sensi 
tivity to the presence of imperfections, 

On the basis of these considerations it should be 
expected that a rolled steel should develop greate: 
bulge deformation prior to fracture than as a Cast 
steel of equivalent notch toughness, inasmuch as the 
hot working operation consolidates many of the small 
imperfections associated with cast structures. That 
such is the case is illustrated by the upper portion 
of Fig. 33 which compares the level of deformation 





CAST STEEL apelin gs BULGE developed by a typical rolled mild steel prior to frac 

TEST AT 80°F -14 % ture to that of Class B steels. It should be noted that, 

y . ; : as predicted by the notch toughness data, the frac 
Fig. 26—Ittustrating the extensive deformation which pre- ture appearance of the two steels is the same, i.e., both 
codes fracture of Class B cast stesl explosion bulged at show brittle fracture at temperatures below 80 F to 


ambient temperatures. 


100 F following the development of a separation. 
The above comparison’ based on deformation lim- 

its, however, is not completely realistic to the problem 

of the performance of castings vs weldments, the lat- 


PEEL 





| Md es & 
Fig. 27—Relation of thickness reduction to bulge size. 


and the respective tensile properties and Charpy V 
transition curves are also indicated. Figure 32 illus- 
trates that the fracture developed by the alloy steel 
at normal service temperatures is of a ductile shear 
type rather than brittle cleavage shown by the Class 
B steel at the same temperatures, Fig. 26. The higher 
notch toughness of the alloy steel explains the change 
in the mode of fracture while the higher tensile duc- 
tility explains the increased level of deformation 
which is developed. 

This last conclusion is somewhat oversimplified for 
notch toughness enters into tensile ductility tests 











(bulge and tensile specimens) by virtue of the rela- e Ps 
tive sensitivity of the steels to micro-scale imperfec- : —_ i 
tions which are associated with cast structures. With SAND POCKET = CENTERLINE SHRINKAGE ( RADIOGRAPH} 
higher notch toughness these imperfections are less Test-3. OF CERES ae: See See 
critical in controlling tensile ductility. The effect is Fig. 30—Representative defects which did not result in 
particularly evident at low temperatures for which a significant decrease of bulge deformation (Test numbers 
the notch toughness differential of the two steels is refer to coded points of Fig. 29). 

Fig. 28—Effect of test temperature i 

on extent of bulge deformation devel- d =o a |_ A 

% THICKNESS REQUCTION BEFORE FAILURE / 


oped prior to fracture, illustrating 
characteristics of various Class P 
cast steels. 
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Fig. 29—-Summary plot of all explo- 
sion bulge tests of Class B cast steels 
(each point represents a separate test 2 
plate; the coded points represent 

plates with the casting flaws shown 
TEMPERATURE -F in Fig. 30). 
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ter being the usual form of rolled steel structural com- 
ponents. The lower portion of Fig. 33 illustrates that 
welding impairs the performance of the rolled steel 
but has no effect on the performance of the cast steel. 
In order to understand the reason for this behavior 
it should be noted that all fractures of the rolled steel 
weldments initiated in the weld itself, while all frac- 
tures of cast steel weldments initiated in the casting. 

The cause for the detrimental effect of welding on 
the performance of rolled steels has been reported 
previously by the authors.® Briefly, the weld, which is 
actually a form of casting, is subject to the same im- 
perfections which limit the amount of deformation 
developed by cast steels. Accordingly, the imperfection 
system of the weld serves to decrease the ability of 
the rolled steel plate weldment to develop extensive 
deformation. The start of all fractures in the weld 
is indirect proof of this contention. The E6010 weld, 
however, has a higher notch toughness than the cast 
steel® and therefore refuses to start failure when de- 
forming in conjunction with cast steel having equal 
imperfections. All failures are therefore restricted to 
the cast steel with the result that the performance of 





CAST ALLOY STEEL (.25%C 142%MN 43%SI .30%MO0) 
TEST AT 80°F - 31% RED. THICKNESS -~6" BULGE 


Fig. 32—Illustrating ductile shear fracture of quench and 
tempered cast alloy steel. Compare with Class B cast steel 
showing brittle fracture at same test temperature, Fig. 26. 


Fig. 31— Illustrating the greater bulge 
deformation developed prior to frac- 
ture of quenched and tempered cast 
alloy steels in comparison to Class B 
cast steels; also, comparison of notch 
toughness and tensile properties. 
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COMPARATIVE BULGE DATA 


CAST CLASS “B’ STEELS 16-35%C 50-68%MN 30-44%5) 





ROLLED STEELS (F.K.)  28%C 40%MN 18%SI 
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Fig. 33—-Comparison of cast and rolled steel bulge de- 
formation transitions (upper graph) and also of E6010 
weldments of rolled and cast steel plates (lower graph). 


cast Class B steels is not affected by welding. 

It may be concluded that for service in structures 
which are designed such that appreciable plastic de- 
formation is not developed, both rolled and cast 
steels are capable of performing satisfactorily at the 
lowest service temperatures. Unless the designer is 
concerned with service entailing extensive plastic de- 
formation (specific only to certain military applica- 
tions) it is of relatively little importance whether 5 
or 10 per cent deformation is required to develop 
failure. The important fact is that as long as the 
steels are capable at least of moderate deformation, 
their use in structures which are designed to operate 
under essentially elastic loading and are not subject 
to triaxial stress conditions, is perfectly safe. In this 
sense the differences in bulge deformation observed 
between rolled and cast steels are not significant to 
service conditions of common engineering structures. 

Crack Propagation Tests —— The relative resistance 
of rolled and cast steels to the propagation of brittle 
cracks is of great significance to the performance of 
common engineering structures. If the predictions of 
the Charpy specimen data presented in the previous 
sections are correct, it should be concluded that rolled 











Fig. 34—Crack-starter test plate showing brittle, hard- 
surtacing weld bead used to initiate cracking. 


structural steels offer no advantage over Class B cast 
steels insofar as resistance to brittle fracture is con- 
cerned. This conclusion is based on the fact that the 
range of notch-toughness quality of the two commer- 
cial products is essentially the same. Such a conclu- 
sion may not be accepted, however, without formal 
proof that a given Charpy transition curve has the 
same significance for cast and rolled steels. 

In order to resolve this question it is necessary to 
test cast and rolled steels under triaxial stress condi- 
tions which would cause brittle failure if the metal 
is susceptible to such behavior. It is generally recog- 
nized that the most severe triaxial stress conditions to 
be met in service are developed by sharp cleavage 
cracks. If a metal resists brittle fracture to the lowest 
service temperature in the presence of such cracks, 
it may be deemed to be immune to brittle fracture. 
The crack starter test was developed to investigate 
the relative resistance to brittle fracure of various 
types of rolled structural steels in the presence of a 
severe crack. The method has been applied to investi- 
gations related to the problem of the brittle fracture 
of ship steels and demonstrated to predict correctly 
the temperature range and conditions of ship frac- 
tures.* 

The method entails placing a brittle (high carbon 
steel) weld, of the type which is ordinarily used for 
hard surfacing, on the surface of the test plate, Fig. 
34. On loading to the yield point of the plate the 
brittle weld develops a cleavage crack and thus pre- 
sents the test plate with a triaxial stress condition of 
the utmost severity. The extent and nature of the 
crack which propagates into the test piece depends on 
the inherent resistance of the steel to brittle fracture. 
The test is conducted in the manner of the Bulge 
Tests described previously except that only a single 
explosion is used and the energy delivered is adjusted 
to develop a minimum of deformation (approximat- 
ely 1 in. deep bulge if fracture does not result). 

It should be recognized that the high rate of load- 
ing produced by the explosion does not result in the 
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development of brittle cracks for steels which are no 
so disposed at normal rates of loading. As discussec 
previously brittle fractures propagate at high speed 
by the release of elastic strain energy. For example, ; 
brittle fracture developed in a Charpy specimen doe 
not propagate at the speed of movement of the ham 
mer (18 ft sec) but at speeds which may approacl 
8000 ft/sec. These high speeds are developed only i1 
completely brittle fractures; fractures which show 
minute, but important, amounts of shearing at su 
faces (such as the small shear lips developed along the 
sides of otherwise brittle Charpy specimens breaks) 






CLASS °B" CAST STEEL (TENE. °F) 


Fig. 35—Crack starter tests of rolled and cast steels of 

equal Charpy V notch toughness illustrating similarity of 

fracture characteristics (Numbers refer to test tempera- 
ture, F ). 


may travel at considerably lower speeds, possibly as 
“low” as 1000 ft/sec. 

The importance of these various considerations lies 
in the fact that if sufficiently high elastic stress is 
built up in the structure prior to the start of crack- 
ing the crack will move forward at its own character- 
istic speed. In this sense brittle cracks may be termed 
“self-propagating,” i.e., not dependent on rates of 
load application, as illustrated for the case of Charpy 
specimens. For a detailed discussion of the theory of 
propagation of brittle cracks in relation to variations 
in rates of loading consult reference (3). 

Figure 35 illustrates the result of crack starter tests 
conducted over a series of temperatures. The upper 
series represents a commercial rolled structural steel 
of average quality and the lower series represents a 
commercial Class B cast steel also of average quality. 
It is apparent from the nature and extent of crack- 
ing at the various temperatures that the performance 
of the two steels is closely similar. 

It may also be observed from Fig, 35 that the test 
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plates remained essentially flat when tested at 20 F. 
\t higher temperatures definite bulging was devel- 
oped prior to fracturing. This behavior is significant 
in that it indicates that at 20 F the steels fractured in 
a brittle manner immediately on the development of 
the sharp cleavage crack. At temperatures above 20 
F the presence of the sharp flaw developed by the 
brittle weld was not sufficiently critical to prevent 
continued deformation prior to cracking. According- 
ly, it is indicated that at service temperatures of 20 
F and lower, stress conditions of high triaxiality such 
as developed by sharp cleavage cracks are sufficiently 
critical to result in brittle failure even though the 
steel is used in a structure designed not to develop 
deformation. 


Brittle Fracture at High Temperature 

The results of tests at higher temperatures are of 
significance primarily in indicating the highest tem- 
peratures at which brittle fracture is still possible 
provided deformation is developed in the structure 
containing such a severe flaw. Deformation resulting 
from poor design or from accidental overloads there- 
fore may be expected to lead to brittle fractures at 
temperatures which would ordinarily ensure safe per- 
formance if stresses were kept to within elastic lim- 
its. There is, however, an upper temperature above 
which it is not possible to develop brittle fracture ir- 
respective of presence of severe flaws or of the de- 
velopment of extensive deformation. By proper al- 
loying and heat treatment it is possible to place this 
temperature of absolute safety below the lowest oper- 


ating temperature. This will be demonstrated in the 
case of crack propagation tests of alloy steels. 

The relation of a typical Class B steel fracture 
series to the Charpy V transition curve is illustrated 
in Fig. 36. It is observed that brittle fracture is not 
developed at temperatures which are related to the 
upper shelf portion of the Charpy curve. Fractures 
which require extensive deformation for initiation 
and propagate with difficulty, as observed from the 
limited extent of fracture, are developed at inter- 
mediate and high portions of the curve. Fractures 
which are highly “brittle” as denoted by the com- 
plete break-up of the test plate and flatness of the 
broken pieces, are developed at temperatures related 
to the lower portion of the curve. The latter type 
represent the highly brittle fractures which are de- 
veloped in failure of common engineering structures. 

Figure 37 illustrates the result of direct compari- 
son of cast and rolled steels obtained by welding the 
two steels together so as to permit the development 
of the sharp cleavage crack simultaneously in the 
two steels. The joining was accomplished by means 
of an E6010 butt weld and the crack-starting weld 
was deposited so as to overlap the joining weld, thus 
ensuring transmittal of the crack directly to the test 
materials. It may be observed that the cracking char- 
acteristics are in agreement with the predictions of 
the Charpy V specimen (equal 10 ft-lb Charpy V 
temperature signifying equal resistance to brittle 
fracture). This series also demonstrates that the en- 
ergy absorbed in the fracture of the Charpy speci- 
mens at temperatures of ductile behavior (the upper 











Fig. 36—Correlation of fracture characteristics of Class B cast steel with Charpy V transition data. 
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Fig. 37— Illustration result of simultaneous crack initiation in rolled (R) and cast (C) steels welded to form a single 
test plate. Equal cracking characteristics are demonstrated for the two steels having equal Charpy V 10 ft-lb transitions. 


shelf of the transition curve) has no significance to 
the problem of brittle fracture. This should be the 
case, inasmuch, as these values represent the relative 
resistance to shear fracture. 

The relative fracture characteristics of Class B cast 
steels of various carbon levels are illustrated in Figs. 
38 and 39. It is observed that there is a gradual in- 
crease in brittle fracture tendencies with increasing 
carbon content. 

The relative effects of a proper quench and temper 
treatment as compared to normalizing treatment for 
cast alloy steels is illustrated in Fig. 40. The test 
plates were heat treated separately and then joined 
in the manner described previously. The close rela- 
tionship to the Charpy V curves is indicated by the 
cracking characteristics of the respective halves of 
the composite test pieces, 

All of the tests of the cast steels were conducted 
on plates which were cast to 114-in. thickness and 
machined to 34-in. thickness by removal of equal 
amounts from the sides. In order to resolve the ques- 
tion of possible differences in crack propagation due 
to the presence of surface metal, tests were conducted 
on two sets of plates from the same heat; one set was 
machined in the usual manner while the comparison 
set was machined from one side only, and the crack 
starter weld was placed on the as-cast surface. Fig- 
ure 41 illustrates that the performance of the two 


sets was exactly the same. It may be concluded that 
the as-cast surface does not influence the propaga- 
tion of brittle cracks. 

These various test series provide proof that the in- 
herent fracture characteristics of cast and rolled steels 
are predicted by the Charpy V tests without distinc- 
tion as to type. It is also demonstrated that the 
Charpy V transition criteria of significance to frac- 
tures of high brittleness (which are characteristic of 
structural failures) are related to the low energy por- 
tion of the transition curve. 

Drop Weight Tests—It is realized that explosion 
tests are not practical for general use. In an attempt 
to develop a generally practical method of evaluating 
the resistance to fracture of the highly brittle type a 
technique was evolved by which the specimen shown 
in Fig. 42 is impact loaded by means of a drop weight. 
This specimen is identical to the crack-starter plate 
specimen except for the width dimension. The spe- 
cimen is supported at its ends and the weight impacts 
on the center of the span, Fig. 43. The height of the 
drop is adjusted so that the tension side of the speci- 
men develops a small amount of deformation if a 
fracture does not occur. Inasmuch as the brittle weld 
cracks at the yield point of the metal, the refusal of 
the test piece to develop fracture signifies that the 
metal continued to deform in the presence of a cleav- 
age crack. The Weight-drop combination used in the 
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CRACK STARTER TESTS-CAST STEEL PLATES 
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Fig. 38 


CRACK STARTER TESTS—CAST STEEL PLATES 
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Fig. 39 
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Fig. 40—Illustrating result of simultaneous crack initiation in quench and tempered (Q) and normalized (N) cast alloy 
steels from same heat, welded to form a single plate. Greater resistance to brittle fracture of quenched and tempered 
steel predicted by Char py V transition curves. 


tests to be described results in a bend angle of 10 
degrees. In the event fracture occurs, it is observed 
that the broken halves are perfectly flat, indicating 
that fracture occurred immediately following the de- 
velopment of the cleavage crack in the weld. This 
behavior signifies that the metal was not capable of 
developing deformation in the presence of a cleavage 
crack. 

Figure 44 shows typical “break’’ and “no break” 
specimens illustrating the principal features described 
above. The results obtained with this specimen are 
the same as obtained in the explosion test in that it 
develops a “‘flat-break” (no bend) at the same tem- 
perature that the explosion test develops a “‘flat- 
break” (no bulge). At temperatures above the flat- 
break temperature of the explosion test the drop 
weight test bends slightly but does not break. The 
drop weight method is not suitable for the evaluation 
of crack propagation characteristics at temperatures 
which require appreciable plastic deformation prior 
to cracking. 

The drop weight test has been applied to investigat- 
ing the performance of rolled mild steels and has 
been shown to predict the critical temperature at 
which these steels developed brittle fractures leading 
to the failure of welded ships.* The correspondence 


is not accidental since the test synthesizes the ele- 
ments which promote brittle failures of structures; 
(1) sharp cracks; (2) low temperatures and (3) small 
amounts of deformation at points of constraint. 
Thus, as in the case of structures, a sharp crack, which 
is the potential source of failure, remains ineffective 
at temperatures at which the metal retains ability to 
deform; however, with lowered temperature this abil- 
ity is lost and the crack is triggered into a brittle 
fracture. Extensive studies of the ship fracture plates 
by the N.B.S.4 demonstrated that the plates which 
started fracture (in practically all cases a visible flaw 
was apparent at the source) developed 3-12 ft-lb Char- 
py V at the temperature of fracture. These data are 
of basic significance and represent the only detailed 
information available concerning accurately estab- 
lished conditions of brittle failure. Drop weight test 
for ship plate steels of the same type indicated that 
brittle fracture occurred in the temperature range of 
3-14 ft-lb Charpy V. These data have been interpreted 
to signify that the drop weight test conditions are 
equivalent to the service conditions which lead to 
brittle fracture of structures and also that the Charpy 
V 10 ft-lb temperature represents a critical level be- 
low which there is a high probability of brittle frac- 
ture if sharp cracks or similar defects are present. 
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In view of this background of information, drop 
weight tests were conducted on Class B cast steels for 
the purpose of obtaining a similar correlation with 
the Charpy V transition curve. Figure 45 illustrates 
a typical test series from which it may be observed 
that the Charpy V 10 ft-lb level is also critical for 
cast steels. Figure 46 provides a summary plot relat- 
ing the Charpy V fracture energy for various rolled 
and cast steels to the temperature of brittle fracture 
determined by the drop weight test. This summary 
illustrates that the behavior of the cast steels is ex- 
actly the same as that of rolled steels. The Charpy V 
10 ft-lb temperature defines a boundary temperature 
below which there is a high probability of brittle 
fracture in the presence of sharp flaws and above 
which the steel may be expected to perform satisfac- 
torily despite the presence of sharp flaws, if the de- 
sign is such as not to permit extensive deformation. 
These conclusions apply to both cast and rolled steels. 


Relation of Charpy "V" and Keyhole Data 

Investigations* of the relation of Charpy V and 
Keyhole data for rolled structural steels have indi- 
cated that the correspondence of the transition curves 
is as shown in Fig. 47. It is observed that while the 
Charpy V curve falls gradually over the entire transi- 
tion range, the Keyhole energy curve shows a region 
which is characterized by the development, for the 
most part, of either high or low values. This region 
is termed the “Keyhole scatter band’’ and the com- 
mon procedure of drawing a Keyhole transition is to 
trace a mean curve through the center of the band, 
as Shown. It has been demonstrated that the 15 ft- 
lb Keyhole transition temperatures occurs at the same 
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Fig. 42—Drop weight specimen with crack starting brittle 
weld. Dimensions 3'x14x1 in. 


temperature as the Charpy V 5 ft-lb transition, and 
approximately at 20 F lower temperature than the 
Charpy V 10 ft-lb transition. 

A limited number of Keyhole transition curves 
was obtained for Class B cast steels and compared 
to Charpy V transition curves. It was determined 
that the relationships described above were also ap 
plicable to the cast steels. For a detailed discussion 
of the specific characteristics of Charpy V and Key- 
hole transition curves, and particularly for an analysis 
of the relative merits, the reader is directed to refer- 
ence (3). 

Summary Discussion 

It is general knowledge that all ferritic steels, show 
marked changes in behavior with lowered tempera- 
ture. In the simplest representation these changes 
may be defined by a three stage process: 

(1) Ductile stage—ductile behavior irrespective of 
stress conditions, i.e., irrespective of the presence of 
notches. 

(2) Notch Brittle stage—brittle behavior in the 
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Fig. 41— Illustrating similar fracture characteristics of as-cast and machined surface test plates of Class B cast steel. 
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Fig. 43—Drop weight test equipment showing specimen 
in position for test. 


presence of a notch but ductile behavior in the ab- 
sence of a notch, 

(3) Brittle stage—brittle behavior irrespective of 
stress conditions. 
From a design viewpoint it is important to know the 
characteristic stage of the steel in the range of serv- 
ice temperatures (+100 to —40 F). It is deduced 
from this investigation that commercial Class B cast 
steels and rolled mild steels are ductile only above 
service temperature range; this is indicated by re- 
fusal to develop brittle fractures at 120-140 F in the 
crack-starter tests. It is deduced also that the steels 
are brittle only below service temperatures; this is 
indicated by the failure to develop bulge deformation 
at approximately —80 F. In the service temperature 
range both steels are notch brittle; this is indicated 
by the development of brittle fractures in the crack- 
starter tests. Thus, it is recognized that both cast 
and rolled mild steels are potentially dangerous in 
the range of common service temperatures. If the 
nature of the structure is such that brittle failure 
cannot be tolerated it is essential to use alloy steels 
which are ductile to the lowest service temperatureS. 

Inasmuch as the presence of notches is necessary to 
promote the failure of steels in the notch brittle 
stage, the evaluation of the relative sensitivity of the 
steels in this stage to notches is of paramount im- 
portance to design. The results of conventional notch 
bend tests and the correct interpretation of these 
results provide the only practical means of determin- 
ing the acceptability of the steels for specific condi- 
tions of service. 
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This investigation has demonstrated that the notch 
toughness quality of commercial rolled and cast milc 
steels varies over wide limits; the overall range is es 
sentially similar for the two types, however, the ave 
age quality of Class B cast steels is slightly better du: 
to alloy and processing differences. Steels of stricth 
equivalent analysis, heat treatment, section size, et 
are indicated to be of equivalent notch toughness 
Notch toughness tests accordingly do not discrimin 
ate between cast and rolled steels. 

It has been demonstrated also that the notch tough 
ness data are of equal significance for cast or rolled 
steels. Ihe Charpy V 10 ft-lb temperature, which has 
been shown to be the criterion of significance to ini- 
tiation of brittle fractures in the absence of deforma- 
tion in rolled steel structures, also applies to cast 
steels as demonstrated by the drop weight tests and 
the explosion crack-starter tests. Thus, Charpy V 
data may be used for design purposes without dis- 
tinction as to types, and the inherent tendency of a 
Class B cast steel to develop brittle fracture in service 
should be considered no different from that of a 
structural rolled steel of equivalent notch toughness. 

The serviceability of a specific steel in the notch 
brittle condition depends on the nature of notches 
which may be expected to be present. In the presence 
of cleavage cracks, both Class B cast steels and rolled 
structural steels of average quality develop brittle 
fracture under essentially elastic loading at approxi- 
mately 20 F. Steels of poorer than average quality 
should be expected to fail in a similar manner at 


Fig. 44—Typical “Break” and “No Break” tests (Center); 
brittle fracture of “Break” test (Top); and crack in brittle 
weld which did not result in fracture of specimen 
(Bottom). 











nA 


a—_— a 


-_ ~_— ibete see bes 


a em me 








W. S. Pecuini, F. A. BRANDT AND E. E. LAYNE 


the higher temperatures of ordinary service. Ship 
failures which have occurred at temperatures as high 
as 90 F provide factual evidence of such behavior 
for the rolled steels. 

While similar service data are not available for 
cast steels, all evidence of this investigation points 
to a similar performance, provided . defects similar 
to those present in welded structures are present in 
castings. This last point remains a matter of con- 
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Fig. 45—Illustrating development of brittle fracture of 
cast Class B steel due to presence of sharp crack at 
temperatures near or below 10 ft-lb Charpy V transition. 


jecture—the only evidence which was obtained en- 
tailed casting defects of non-critical geometry. It was 
shown that shrinkage, sand pockets, porosity and 
similar defects did not develop sufficiently critical 
stress systems to cause the failure of the bulges at 
low levels of deformation. Inasmuch as the cleavage 
crack of the crack-starter weld was fully effective at 
the same temperatures, it must be concluded that 
subject defects are of non-critical nature. The com- 
mon, small hot-tear defects which have a sharp geom- 
etry similar to cleavage cracks were not investigated 
because of the difficulty of developing such defects 
in flat plates. It is suspected that such defects would 
be highly critical and equivalent to the defects found 
in welded structures. Additional research is required 
to evaluate the relative severity of the various types 
of casting defects. 
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Fig. 46—Illustrating equal susceptibility to initiation of 

brittle fracture for cast and rolled steels. Ship fracture 

data bands serve to show that drop weight tests duplicate 
conditions of brittle failures which occurred in service. 
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DISCUSSION 


Chairman: A. W. DemMMLer, Campbell, Wyant & Cannon 
Foundry Co., Muskegon, Mich. 

Co-Chairman: J. Nerf, American Steel Foundries, E. Chi- 
cago, Ind. 

Recorder: C. R. SoRENSEN, National Malleable & Steel Cast- 
ings Co., Cicero, III. 

W. K. Bock (Written Discussion): The authors’ discussion 
of the mechanics of brittle failure can be useful to the testing 
engineer who has to explain his interest in tests at tempera- 
tures below any encountered in service. If notches are to be 
reproducible they must be machined and this imposes limita- 
tions on the notch angle and on the sharpness at the base of 
the notch. Practical machined notches give rise to triaxial 
tension stress states but the notch concentration factor is well 
below that developed by the limiting case where all the prin- 
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cipal notches are equal. (Remember the efforts made to pro- 
duce notches severe enough to measure cohesive strength.) If 
then, the test engineer cannot have a notch which is sufficiently 
severe to embrittle the metal under test he is forced to use 
low temperatures which have nothing to do with service con- 
ditions. From the viewpoint of specifications the requirement 
of a Charpy V-notch test at a given temperature imposes em- 
brittling conditions of a given severity which may be met in 
service by some entirely different combination of the three 
embrittling conditions, 

While on the subject of testing, do the authors feel that 
the drop weight test they propose, perhaps combined with stair- 
case testing procedures, can supplement or displace the Charpy 
test? 

The statement of the authors that finer grain size provides 
the necessary conditions for increased resistance to brittle frac- 
ture causes some concern. While the statement agrees perfectly 
with one made by Doan (see Principles of Physical Metallurgy, 
McGraw-Hill Book Co., p. 79), Sachs and Van Horn (see Prac- 
tical Metallurgy, A.S.M., p. 116, 147) list coarse ferrite grain 
size as an embrittling factor and state in another place that 
iron, tungsten, molybdenum and zinc in coarse-grained condi- 
tion become brittle at temperatures where fine-grained metal is 
still ductile. 

\ fine-grain structure will give higher tensile strength and 
lower ductility in the tension test than a coarse-grained metal. 
These conditions are associated with lower Charpy values at 
room temperature. For the comparison of fine and _ coarse- 
grained structures at low temperatures, Fig. 86 in the book 
Molybdenum by Archer, Briggs and Loeb can be cited to show 
that fine-grained steel is not more brittle than coarse-grained 
metal; in fact, the reverse is shown. 

Perhaps the difficulty lies in the definition of brittle frac- 
ture. It might be well for the authors to clarify this point. 

Mr. PELLINI (Written Reply to Mr. Bock): Mr. Bock’s com- 
ments are appreciated, while the discussion is short and to the 
point it covers considerable ground by implication. 

The discussion of the mechanics of brittle fracture was 
aimed at reviewing a highly specialized complex subject in the 
simplest possible terms. As indicated by Mr. Bock the arbitrary 
notch used in a Charpy specimen gives an answer which is spe- 
cific only to the testing conditions. In service the notches which 
lead to brittle fracture are ordinarily sharper and hence more 
critical. ‘Thus, it is necessary to use Charpy data empirically 
requiring in many cases the use of temperatures which are 
lower than service. This difficulty is eliminated by the use of a 
“sharp crack” test such as the “drop weight.” While the drop 
weight test could be used for evaluation of the performance 
of materials in the presence of an ultra-sharp crack it requires 
a considerable amount of test material. Moreover, the Charpy 
tests have been established to the extent that most laboratories 
are equipped to conduct them. The greatest need for the test- 
ing engineer is for an understanding of the significance of 
Charpy tests. In great part the paper was aimed at developing 
this understanding for cast steels and illustrating that our 
knowledge background for rolled steels is fully applicable to 
the case of cast materials. 

Fine grain size is generally considered to provide increased 
notch toughness, in fact the data available in the literature on 
this point are quite conclusive. It is quite certain also that 
tensile ductility is poor parameter on which to judge notch 
ductility—thus, high tensile ductility provides no assurance 
that the metal is capable of resisting brittle fracture. 

By a brittle fracture it is meant a fracture which proceeds 
in a “catastrophic” manner, that is, at high speed with very 
little energy absorption. The best criteria for brittle fracture 
is a “square break” appearance with a shiny crystalline surface. 
It may be that Mr. Bock is thinking of the case of metals such 
as nodular irons or malleable irons which give low Charpy V 
energy values with concomittant fibrous fractures. It has now 
been demonstrated at N.R.L. that low energy Charpy V values 
associated with fibrous fractures are not “brittle” fractures. 
For example nodular iron resists brittle fracture at 18 ft-lb 
Charpy V temperatures when tested by the explosion crack 
starter method using the exact same weight of explosive, etc. 
as for steels. On the other hand steel, at 18 ft-lb Charpy V 
temperatures will fracture in a highly brittle manner. 

The answer lies in the fact that at 18 ft-lb the nodular iron 
is developing full fibrous fractures in the Charpy V test while 
the steel does not do so until values of 50-4 ft-lb are reached. 


BRITTLE FRACTURE IN STEK1 


A report presented at the A.S.M. October (1953) meeting dem 
onstrates these facts and provides further evidence that the im 
portance of the Charpy V test is not in the actual values o 
energy but in the transition range. Actual values of energ 
are important only when considering materials of a given clas 
which have similar maximum energies at the “upper shelf” « 
the Charpy V transition curve. For further detailed discussio: 
of this question references (1) and (2) are suggested. 
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C. H. Loric (Written Discussion):* Information contained 
in the paper is of great value to anyone interested in the 
problem of brittle behavior of steel both at room and at sub 
zero temperatures. The paper is most welcome. 

I should like to ask Mr. Pellini if the excellent correlation 
they have experienced between the behavior of steel in the 
Charpy V-notch tests and the explosion crack-starter test, as 
shown in Figs. 36, 37, and 40, remains substantially the same 
for all steel compositions studied and for all conditions of heat 
treatment covered by the tests. 

In the case of the Navy tear test and the Charpy keyhole 
notch test on semikilled ship-plate grades of steel we have 
found that the correlation between these tests varies, for in 
stance, with changes in composition of the steel. The Navy 
tear test, for example, is inherently less sensitive to the effect 
of manganese on toughness than is the Charpy keyhole notch 
test. The fact that the Navy tear test is conducted under sub 
stantially static loading whereas the Charpy test is conducted 
under dynamic loading may, among other things, have some 
effect on the difference in sensitivity of the two types of tests 
we used. ‘This, of course, means that all tests do not rate steel 
the same as to their ductile-to-brittle behavior. 

From the information given in the paper, there is an indica 
tion that the Charpy V-notch and the explosion test, at least 
in some cases, are equally sensitive to the effect of temperature 
on fracture characteristics. It is remarkable that brittle be 
havior should start with both tests at approximately the same 





temperature. 

Mer, PELLINI (Written Reply to Dr. Lorig): Dr. Lorig’s com- 
ments are appreciated particularly in view of his outstanding 
experience in the general field of the brittle fracture problem. 
Ihe questions which are asked are of basic significance to this 
problem and of prime importance to the design engineer who 
must perforce decide on the use of steels based on Charpy V 
or Keyhole data. 

Ihe correlations experienced between the behaviour of the 
steel in ship service and in the crack starter tests has been 
demonstrated to be the same at same temperatures. Data to 
substantiate this claim have been presented in detail pre 
viously.2. Thus, at least for semi-killed and rimmed structural 
steels used in ships the crack starter tests are validated in direct 
fashion. For the case of other steels such as the quenched and 
tempered alloy types there are no adequate service correlations 
on which to base a correspondence to the crack starter tests 
and it is assumed that the performance indicated by these 
tests is equivalent to that of service. If this assumption is 
correct it follows that the Charpy V relationships of other 
steels to service should be as indicated by the relationships to 
the crack starter tests. This question is discussed in detail in 
a new report by the writer to present at the A.S.T.M. Sym- 
posium on Metallic Materials at Low Temperatures, Atlantic 
City Meeting June 28-30, 1953, entitled “Evaluation of the 
Significance of Charpy Tests.” Briefly, the correlation with 
Charpy V curves does vary with the class of steel the major 
difference being a tendency to develop fracture in the crack- 
Starter tests at temperatures equivalent to higher positions on 
the Charpy V transition curve than for the mild steels. In 
other words the improvement predicted by the Charpy V curve 
for an alloy steel is not fully equivalent to the shift in the V 
transition curve but somewhat less. For further details the 


above quoted report is suggested for reference. 


1 Research Engineer, National Malleable and Steel Castings Co., Cleve- 
land. 
2 Assistant Director, Battelle Memorial Institute, Columbus, Ohio. 

















CONVEYOR MOLDING STANDARDS 


By 


Everett C. Reid* 


This paper presents a method of developing time 
standards for mechanized molding lines. The term 
“molding line” is here used to refer to several sets of 
Cope and Drag, Jolt-Squeeze Machines grouped to- 
gether in such a way as to feed molds to a continu- 
ously moving conveyor line. Pouring, Core Setting, 
Shake-out, and other operations, are also done in con- 
junction with this line, 

The manpower for which we set the “line” time 
standards at Ford of Canada, includes all direct labor 
associated with the production of a casting up to the 
cleaning operation. All, that is, apart from what is 
involved in core making and metal preparation. This 
manpower ranges from 35 to 45 per line. We con- 
sider it very important to set accurate standards when 
the direct labor factor is so considerable. 

The main objects in developing time standards 
for conveyor molding are: 

1. To establish a time standard that will show the 
total direct labor allowed to produce the casting 
under specified standard conditions. 

2. To establish a standard conveyor line speed that 
will result in performance to standard. 

3. To establish the number of men necessary to 
man the line when work is distributed equitably and 
standard line speed is maintained. 

4. To establish the basis for economic scheduling 
of castings assigned to the line, and for cost compari- 
son of alternative production plans. 

The development of standards for these purposes 
is the topic of the present discussion. Time Stand- 
ards, as referred to here, are not used as a basis for 
incentive earnings. However, it is possible that an 
incentive plan could be developed, based on this 
method of approach. 

Time standards for mechanized molding lines are 
merely group standards established by co-ordination 
of information normally obtained in ordinary time 
study work. Most systems of time study in use for 
independent operations are adaptable to “line” work. 
However, before you even start a molding ‘ine study 
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it is desirable to commit your statements of policy 
and procedure to written form. These line standards 
have to be sold to Management and Labor and, with- 
out proper comprehension, this cannot be done. Ex- 
perience indicates that most labor trouble, on mech- 
anized lines, has stemmed from indefinite or ambigu- 
ous policies on time standards work. 

To illustrate what I mean let me quote a few con- 
densed statements of our Policy and Procedure. 

A time standard is a measure of the time allowed 
for the proper performance of a specified task or 
tasks by a qualified operator, or operators, while work- 
ing at a standard pace. 

The key phrases are “time allowed,” “specified 
task,” “qualified operator” and “standard pace.” They 
call for a moment’s consideration. 

First, the “time allowed.” This is not just a theo- 
retical possibility compiled from stop-watch readings. 
The time study man has to bear in mind certain 
standards of quality and safety. Again, there will in 
practice be all sorts of delay factors: Minor hitches in 
routine, the personal needs of operators, and some- 
times unavoidable fatigue effects. These cannot be 
anticipated in detail, yet cannot be ignored either. 
They are covered, therefore, by percentage additions 
to the theoretical time. For instance, Ford of Canada 
allows a man 24 min per 8-hr shift for personal needs. 
And all time calculations take account of this fact. 

Next, the “specified task.” An operator’s work must 
be exactly laid down. He must use a standard method 
with written specifications behind it, and follow a 
schedule giving particulars on such matters as volume 
and mix. Essential services also enter the picture. 

A “qualified operator’ means a person suited to 
the task and proficient in following the standard 
method. A “standard pace” means a pace he can be 
expected to maintain, working on an hourly wage 
rate, if he goes along correctly and conscientiously 
without piling up undue fatigue at any part of the 
shift. 

Basic concepts like these stated, of course, in more 
precise language, are absolutely vital. 

We approach the actual study of the molding line 
by dividing our work into seven phases. These phases 
are: 
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Fig. 1A—Schematic Diagram of a Molding Line. 





Fig. 1C—An operation on a Moving Conveyor Line for 
which Time Standards Are Established. 


1. Planning. 
2. Establishment of procedures for collecting ex- 
isting process and allowance data. 

3. Measurement and development of operational 
standard times. 

4. Line balancing, assignment of crews, and devel- 
opment of the time standards. 

5. Writing of records and authorities. 

6. Installation of standards and publication of sup- 
porting data. 

7. Maintenance of standards, performance analy- 
sis, and evaluation of results in terms of cost reduc- 
tion. 

It may be helpful, before detailed analysis, to con- 
sider roughly how a typical molding line would be 
laid out (See Fig. 1). The plan has been reduced to 
essentials so that the general approach will be more 
obvious, and easier to adapt to other circumstances, 
should anyone so desire. 

Now, when we set out to provide time standards 
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Fig. 1B—Type of Line for which Time Standards Are 
Established. 


Fig. 1D—Receiving Metal for Pouring to the Molding 
Line. 


for conveyorized molding on a line similar to that 
shown, our work develops through its seven phases 
something like this. 


Phase 1—Planning— Planning is always important, 
and planning the time study of a mechanized line is 
particularly so. A “hit-or-miss,” “‘cut-and-try’”” ap- 
proach will not only take much longer, and lead to a 
muddle, but it will give Supervision and labor an 
idea that the time study man does not know what 
he’s doing, which will probably be right. In the 
planning, therefore, we use a Planning Sheet, (See 
Fig. 2) which gives us written preliminary informa- 
tion, estimated or factual, to guide us in our work. 
On this sheet we list: 

1. Basic operations performed on each casting. 

2. All castings produced on the line, tentatively 
grouped, if possible, in economic groups or combin- 
ations. Some castings, owing to their design or pro- 
cess requirements, can be grouped advantageously. 
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MOULDING LINE PLANNING SHEET - LINE NO. 





OPERATION 


Bre axorr 


Prepare & Dist. 17 
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OTHERS ARE SNAP BACK 


Fig. 2—Molding line planning sheet. 
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Moulding Data to be supplied by foundry relative to new parts, experimental parts and 
current parts when moulding method changes. 
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Fig. 3—Molding Data Sheet. 
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We may have four different pattern plates each day, 
one on each set of machines, but we try to group 
them to promote labor economy. This procedure 
tends to complicate scheduling, but it is justified by 
reduction of costs. 

3. The manpower currently assigned per operation, 
relative to each of the combinations actually sched- 
uled. The remarks. column is used to indicate crew 
variations, which sometimes occur, before the line is 
organized. 

4. A code for the type of study judged to be neces- 
sary. 

5. A code for each time study man assigned to 
each specific study or operation. 

This sheet also serves as a record of time study 
work load, assignment and progress, if suitable notes 
are made in the remarks column. 

Phase 2—Procedures for Collecting and Recording 
Existing Process and Allowance Data— Process data for 
example, patterns, flask, metal type, cores per cast- 
ing, will now be collected and posted to a “Molding 
Data Sheet” (See Fig. 3). This information rightly 
should come from a process section, and such a sec- 
tion is now being established. However, at present, 
some of it comes from Supervision, and the rest we 
collect from observation on the floor. In this phase 
we prepare to collect, daily, information which will 
later be used to establish the molding line allow- 
ances. We record the data on a “Molding Line Al- 
lowance Sheet” (See Fig. 4). In this way we build 
up a historical record of significant time study fac- 
tors while we are studying the line. This informa- 
tion is highly important and should be collected 
with the aid and approval of operating Supervision. 
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Fig. 4—Molding Line Allowance Sheet 


Since the type of information posted to this form will 
depend entirely on the specific line and organiza- 
tion to be studied, an elaborate treatment here would 
not be useful or even practical, but the results will 
be discussed briefly in the line balancing phase. 
Phase 3—Measurement and Development of Standard 
Times— In Phase 3, we actually start our time study 
work. Our main objective, at this stage, is to de- 
termine the measured work content of each opera- 
tion and find the “control” operation. By control 
operation we mean the operation which requires the 
most work time to complete, an operation where over- 
all economy or space limitations prohibit additional 
manpower. For example, on a line like the one il- 
lustrated in Fig. 1, the control operation is the mak- 


ing of the cope half of the mold on the jolt squeeze 
machine. Since the mold is manually handled and 
mold close-up is delicate, two men are required. 
These men’s job assignment, requires more time, ac- 
cording to the time study, than any other on the 
line. An additional man cannot be added to the 
machine crew owing to space limitations. This con- 
trol operation, in most molding line work is usually 
apparent by observation if the staff is well trained 
and experienced. However, it is best to keep an open 
mind as to what the control will be, until all appar- 
ent “tight spots” have been studied. 

When it is thought that an operation may be the 
control, time study men first analyze it by use of a 
work sheet which we call a “Control Operation An- 
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Fig. 5—Control Operation Analysis Sheet. 
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Fig. 6—Timestudy Observation Sheet. 


alysis Sheet’’ (See Fig. 5). On this sheet we write up 
the job as it is being done, showing tentative time 
study breakoff points. We pay particular attention 
to operator methods at this stage, and also proper 
balance of work between operator and helper, when 
applicable. The stress is not on time values, but on 
Method improvements and re-distribution of work. 
Recommendations are now made to Supervision. 
When everything is done that can, or will be done, 
the time study description is written up on our time 
study observation sheet (See Fig. 6). 

On a two-man control operation, we find it ad- 
visable to take continuous, simultaneous studies on 
both helper and operator. Several studies are taken 
if necessary. We also use a basic motion time study 
approach, occasionally to check these points. In these 
studies, we establish measurement of work content 
only and disregard idle time, particularly where both 
operator and helper have such time. No allowances 
are considered yet. The elemental time values are 
posted to a sheet which we call a “Master Element 
Control Chart” (See Fig. 7). It is designed specifically 
for our needs where we have a control operation with 
a helper and an operator. It merely serves to sum- 
marize and compare the data obtained from represen- 
tative time studies. Studies taken are numbered, and 
the elemental times are posted against the Standard- 


ized Elemental Description, opposite the related time 
scale printed on the form. This gives us a graphic 
presentation of the work elements, and makes it 
easier to select a master or standardized element time 
value for operator and helper. The sum of these 
elemental values, excluding any simultaneous idle 
time, constitutes the standard time for the control 
operation or work station. It is not the time stand- 
ard, though, since no allowances have yet been con- 
sidered. 

This time value or standard time determined for 
the control operation sets the line speed. Since this 
operation is the slowest of all jobs on the line, a line 
speed set for it will also cover all other faster opera- 
tions. Suppose for example, we have a line similar 
to that shown in Fig. 1, where four cope and drag 
machines deliver molds to a moving pendant hanger 
type conveyor. The control operation is determined 
to be the making and close-up of the cope mold. Time 
studies tell us that the standard time for this is .5 min. 
In other words, the two-man crew have .5 min from 
the time they deposit one cope on the hanger until 
the next one will be required. Since there are four 
cope machines operating the line speed must be four 
times as fast as the individual cope cycle. Thus we 
see that actual line speed is .500 divided by 4 or .125 
min per hanger. That is, given any fixed spot, one 
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Fig. 7—Master Element Control Chart. 


hanger will pass it every .125 min or eight hangers 
pass per minute. Line speed can also be quoted in 
terms of feet per minute when hanger spacing is 
known. A hanger spacing of 3 ft in the above would 
be equivalent to 83 ft or 24 ft per min. 

There is no need to go into detail about the actual 
time study in this discussion. Any recognized system 
is acceptable. However, the study on the control sta- 
tion or operation must be right and it is well worth 
while to spend considerable time in making it so. 

The other non-control operations can be studied in 
a less refined manner. With them, it is only neces- 
sary to establish that the measured work content is 
less than that of the control station. The idle or 
balance time which comes up later, in connection 
with the line balancing phase, is the difference be- 
tween the non-control operation standard time and 
the control operation standard time. This time loss, 
when accumulated for each non-control operation, is 
the penalty paid for mass production by mechanized 
molding. Methods study, if applied to non-control 
operations can pay high dividends, by elimination of 
unnecessary manpower, 

At this point, then, we know the standard time for 
the control operation and thus the proposed line 
speed. We also have standard times for all other 
operations which are necessary to run the line. 

Phase 4—Line Balancing, Crew Assignment and Calcu- 
lation of Final Time Standards— In line balancing we 
record all operations necessary to run the line, with 
a breakdown of work time and unavoidable opera- 
tor idle or balance time. We record this for each 
economical pattern combination relative to the num- 


ber of molding units (pairs of machines) operated, 
at the appropriate schedule. 

For this purpose, and also to show the resultant 
manpower distribution, we use a standard form 
“Molding Line Manpower Distribution Chart”. (See 
Fig. 8). This form is eventually distributed to oper- 
ating Supervision. It provides them with: 

1. A detailed breakdown of operation standard 
times. 

2. A guide to formation of efficient mold combina- 
tions. 

3. Manpower assigned to each operation. 

The most significant figure, in connection with the 
final time standards calculation is the total man- 
power per molding unit or pattern set-up. This 
form is used by Supervision to determine how their 
men should be distributed for the particular pattern 
combination they intend to run. Line performance 
to standard requires strict adherence to this stand- 
ard manpower. The line manpower distribution sheet 
also shows Supervision the idle or balance time for 
each operation. We consider it their responsibility, 
as well as ours, to reduce this if practical. It is 
good time study practice to highlight the idle time 
inherent in mechanized molding lines whenever and 
wherever possible. 

And now, the second stage of the line balancing is 
done on our molding line standards sheet (See Fig. 
9). This is divided into three sections: 

1. Production Specifications— This shows Supervi- 
sion the standard conditions upon which the time 
standard was set. The information is obtained from 
the molding line data sheet collected in Phase 2, but 
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Fig. 8—Molding Line Manpower Distribution Chart. 


is audited on the floor before it is recorded. 

2. Standard Allowances—This shows Supervision 
the standard allowances provided. These have been 
developed from historical records subjected to statis- 
tical procedures and are based on actual production 
figures collected during the period of time study, as 
suggested in Phase 2. We must be realistic in our 
Foundry Time Study Work, and we know from ex- 
perience that, in a rough process such as molding, 
certain things occur which tend to prevent the most 
efficient Supervision from attaining ideal or possible 
productivity. For instance our molding lines start 
work at 7:30 a.M., but a certain length of time is 
necessary to get into cycle. Likewise, all operations 
cannot quit exactly at 4:00 p.m. This condition we 
recognize by granting a “start and stop” allowance. 
Other special allowances which we build up from 
actual running records are “incidental delay” and 
“process scrap allowance.” 

Intelligent recognition of factors like these turns 
an academic “paper” standard into a standard that 
is practical and attainable. Planning and adherence 
to established procedures will permit finalizing when, 
and only when, all vital facts have been taken account 
of in the time standards calculation. The significant 
figure in this standard allowance section is, of course 
the standard production or program schedule, quoted 


in molds per day per machine. 

3. Calculation of Standard—In this section we ac- 
tually calculate the time standard per mold using: 

(a) Manpower from the manpower distribution 
sheet. 

(b) Standard production in molds per day per 
machine, obtained from the allowance section of the 
same sheet. 

(c) Standard relief as established by Company 
Policy. 

The time standard per mold is then converted to 
a time standard per casting by using the “casting per 
mold” information shown in the production speci- 
fications section of this same sheet. 

The “actual line speed” calculation shown on this 
sheet is not important in a general discussion. It is 
a calculation which gives us the line speed necessary 
to produce 8 hours production, even though the line 
is stopped for two 10-min rest periods, in keeping 
with the Union Agreement. The final time standard, 
in minutes per piece and hours per piece, is shown 
with the effective date and other identifying data in 
the spaces provided at the bottom of the sheet. 

Phase 5—Development of Records and Authorities— 
In addition to the forms previously mentioned, which 
quote time standards information, we also issue a 
less detailed form to our time study audit section 
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standard was established, the department number, é 
and the assigned authority number. Definite pro- 
cedures for file reference and obsolescence are also 
provided, so that a good time study job will not be ; =m. Pao. — — Srp. rise ns) | — 
wasted by inadequate records and files. < | tsm__ _. AUDIT _.. IN ASSY 


Phase 6—Installation and Publication of Data—When 
we have completed the study of a molding line we 
find it expedient to issue an “installation report” in 
an “acro press” binder, in which we comment on the 
procedures used to develop the standards, particular- 
ly allowances, and make suggestions for future im- 
provement. Supervision is asked to review this re- 
port, and a discussion is held to iron out any mis- 
understandings or misinterpretation on their part or 
ours. We have found this procedure very effective. 
The spirit of co-operation fostered by these discus- 
sions has been one of the main factors in our suc- 
cessful time study installations. We believe we are 
fortunate in having a progressive group of Super- 
visors and Management Men in our Organization, 
but we also believe that we have enlisted their help 
in a most effective way. 

A good standards installation which has not been 





Fig. 10—-Time Standards Record. 


“sold” to Supervision and Management, to the ex- 
tent that they provide active help in making it work, 
is worse than useless. It is necessary to do a good 
time study job, and then do a good selling job. After 
everyone is reasonably satisfied, the standards are 
made effective, and we co-operate with Supervision, as 
requested, to make them work as planned. In this 
phase, we also issue our standards data to any other 
part of the organization, that may be interested. 
Phase 7—Maintenance of Standards and Performance 
Analysis—When conditions change, permanently, the 
time standards may also have to be changed. How- 
ever, unless the change affects the control operation 
or calls for more or less manpower at non-control 
stations, the time study work involved is not too 
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vreat. The changes mainly consist of re-writing rec- 
ords. This, we call time study maintenance. 

Our performance analysis is done on a daily basis 
for each molding line. We make the following cal- 
culation: 

Direct Labor Hours (From Payroll Department 
Total Standard Hours for the Line ~~! 
(Production count Standard Hours per Piece) 





The formula gives a percentage figure which will 
show: 

(a) Below 100 pct if performance is better than 
standard. 

(b) 100 pct if performance is standard, 

(c) Above 100 pct if performance is below stand- 
ard. 
This performance index is designed to reflect labor 
performance. Time lost because of off-standard con- 
ditions (for example, conditions not covered by the 
time standard) should be charged out as indirect 
Jabor time through the accounting system. It is very 
important that Supervision should know precisely 
the work covered by the time standard, so that credit 
can be claimed by charging out lost time due to off- 
standard conditions. By showing the cost of off-stand- 
ard conditions through these accounting charge-outs, 
Supervision can keep Management informed as to the 
nature and cost of conditions which require attention. 

So much for the seven phases of “Developing Time 
Standards for Conveyor Molding.” We have used our 
procedure for over two years. It is not spectacular, 
nor is it entirely original. It is merely a common- 
sense, organized approach to a rather difficult time 
study problem. We know it works and although our 
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production figures, are confidential, it is no secret 
that the combined plan, that is, good time study plus 
active co-operation of Supervision, increased produc- 
tion on one high volume casting 12 pct and at the 
same time reduced unit cost. Records of other castings 
have shown a similar trend. 


Summary 


And now in conclusion, and as a summary, here 
are a few bits of general advice, directed at anyone 
who is trying to deal with the same problem. 

1. Formalize your regular time study policy and 
procedures by publishing them in written form. 

2. Organize your study so that is gives: 

(a) Time Standards for Costs. 

(b) Correct conveyor speeds. 

(c) Proper crew assignments and labor distribu- 
tion. 

(d) A basis for economic scheduling. 

(e) Cost reduction through better planning, better 
methods and increased productivity. 

3. In actual line time study, try to emphasize: 

(a) The work on the control operation. 

(b) The establishment of fair allowances that will 
produce practical, workable standards. 

4. Publish adequate records of work done, and file 
complete authorities to back up your decisions, 

5. “Play ball” with your Supervision and Man- 
agement. Tell them how much and what you have 
done. Sell them on co-operating with you in the 
installation phase. 

If you keep these key points in mind you, too, can 
develop time standards for conveyorized molding 
lines. 








MECHANICS OF FOUNDRY MECHANIZATION 
AND IMPROVED METHODS 


R. J. Anderson* 


ABSTRACT 


Reduced costs and improved quality can be obtained through 
mechanization and through better work methods, according to 
the author. Neither step alone will develop maximum savings; 
improved work methods are especially desirable in the smaller 
shop where size of capital investment limits extent of mechani- 
zation. Mechanization calls for.a good preventive maintenance 
program to minimize down time. 


® Reasons for mechanization of a foundry are: (1) To 
reduce labor cost; (2) To reduce material cost; (3) To 
increase capacity with the available floor space; (4) To 
improve quality of product. 

To reduce labor costs; we mechanize so that fewer 
men are required for handling the same tonnage, or so 
that more tonnage can be produced with the same num- 
ber of men, or both. How this and the other advan- 
tages of mechanization were achieved are illustrated by 
scenes in the author’s company. 

With the old air furnace fired by pulverized coal, two 
truck drivers delivered coal to the various pulverizers 
and one crane operator and crane loaded the coal from 
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Yard crane used for making up cupola charge handles pig, 
purchased scrap, and returns easily and accurately. 





the ground to the bunkers so that the shop trucks could 
be readily filled. Now the pulverizers have an outside 
coal hopper and coal is purchased locally. The coal 
company dumps the coal in the hopper and from there 
it is conveyed to a storage bin directly over the pul- 
verizer. There is no labor connected with the handling 
of coal at the present time. 

The overhead or yard crane used in making up the 
cupola charge requires only one crane operator who 
has a scale for weighing the charge directly in front of 
his cab. One charge car operator is also needed. These 
two operators are capable of charging 17 to 20 tons 
per hour, which results in a 25 to 30 per cent reduction 
in labor cost, plus the advantage of a continuous sup- 
ply of molten iron. The cupola iron is run into the air 
furnace where analysis and temperature are adjusted. 

For iron delivery, lift or fork trucks are used. These 
have a cylindrical ladle of 1000 Ib capacity. The savings 
in both man hours and fatigue accomplished by this 
type of pouring, as compared to the old method, are 
obvious. 

Molders formerly would put up the number of molds 
they thought they could pour off. Thus, molding pro- 





Charge car, operated by one man, teams up with yard 
crane to handle 20 tons of melting stock and fuel per hour. 
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Charging bucket in one of Belle City’s cupolas. Mech- 
anization of charging reduced labor cost over 25%. 


duction was pretty much controlled by the molders’ 
ability to carry iron. In molding with the old side floor 
arrangement, a good molder would put up an average 
of 15 to 20 molds per hour. On Belle City Malleable’s 
12-hopper, squeezer molding line with power driven 
mold conveyor unit, production is from 30 to 50 molds 
per hour per man depending, of course, on the type of 
job and number of cores to be set. For this line one 
serviceman and one sweeper are required. 

The jacket and weight shifting on this line is not 
good and a program to improve. it will be discussed 
later. Pouring on this line is done with 1000-lb ladles 
and three men pour all the molds. 

Slingers are used for heavy cope and drag molding. 
Production on this line is from 80 to 100 molds per 
hour depending on the type of job being run. Fatigue 
is very low on this unit because hydraulic slingers 
are used and there is no manual lifting anywhere on 
the line. 

Weight Shifting Simplified 

All of these molds are made in slip or pop-off flasks 
and all of the machines are the pin-push-off type. The 
drag is rolled over in a bail without the use of any 
bottom boards which, of course, eliminates clamping 
and facilitates dumping as compared to tight flasks. 
The bottom board is transite and is actually the car 
top, never leaving the car. The largest pop-off flask 
used is 27 x 52 in. because this is the largest size the 
conveyor car will take. The jackets and weights of these 
molds are shifted by two men. This is accomplished by 
timing so that the same type of mold passes a pre- 
determined place on two parts of the loop. The jacket 
and weight are merely transferred from one mold to 
another with a hoist. Extended pins on the weights 
rest on top of the jacket when it is transferred so that 
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both the jacket and weight are moved with one lift. 
Two men do all the pouring on the slinger line. 

One man attends the automatic shakeouts. He sup- 
plies empty buckets from the overhead conveyor line 
and hooks the full buckets back on to be transported 
from the foundry to the hard iron spruing and chip- 
ping conveyor. Formerly, a number of men were used 
for dumping or shakeout. 


Add Pallet Line 


In mechanization it is important to make a careful 
study of the type of mold or castings that have to be 
made, giving consideration to such factors as avail- 
ability of continuous iron and storage space, and the 
cooling time needed. After installation of the squeezer 
line as previously shown, and the slinger line, some- 
thing had to be added to balance production require- 
ments. A pallet line was added. 

The flexibility of this 22-station unit, permits use of 
various types of metal, and both squeezer work and 
cope and drag work. Some metals are not delivered con- 
tinuously but in batches from electric furnaces. Except 
for the flexibility of this unit, this would not be pos- 
sible. 

Considerable storage space, both before and after 
pouring, is provided for the molders. Each has from 
one to three hours storage space depending on the type 
of job and the length of floor. After the molds are 
poured and sufficiently cooled, they are dumped by a 
powered dump cradle. The sand and castings in this 
position are dumped to a conveyor which feeds them 
to the vibrating shakeout. The dump cradle, operated 
by a hydraulic motor, is then reversed. The car with 
the bottom board is returned to the molder by gravity 
on a return track underneath the platform. The au- 
thor’s company holds patents on this arrangement. 

The company’s sand mixing unit employs a timing 
device for elimination of manual labor and human 
element so that the best possi>le control and uniform- 
ity of sand mixes can be obtained. 


Core Room Improved 


Before mechanization, the company used conven- 
tional bench core making. Installation of two horizon- 
tal ovens with overhead conveyor resulted in substan- 





Iron, with composition and temperature adjusted in air 
furnace, is delivered to pouring area by lift truck. 








tial savings in core making and core trimming. How- 
ever, equivalent savings could be had by applying the 
proper mechanics to the mechanization and equipment 
itself. For example, a study of the operation of one of 
the core blowers showed that the core machines were 
used only 25 to 30 per cent of the time. On that basis, 
to produce the equivalent of 100 per cent of the capac- 
ity of the core blowing machine would require at least 
two more machines or 200 per cent more capital in- 
vestment. 

The type of box and the method of handling boxes 
and equipment are just as important, if not more im- 
portant, to savings then the conveyor and oven itself. 
After a study of this job, machine blowing time was 
increased approximately 100 per cent. 

Castings loaded at the foundry shakeout are subse- 
quently dumped on an apron conveyor for spruing 
and chipping prior to annealing. The sprue is left on 
the apron conveyor and as the buckets pass the chippers 
and spruers, it is picked off the apron conveyor and 
thrown back in the buckets. These buckets, on their 
travel back to the foundry, pass the charging yard at 
the cupola and the sprue is automatically dumped at 
this location. 

These examples of mechanization give some idea of 
the possible savings from the actual mechanization of 
a few departments. Most of these savings are based on 
the melting, core, and molding departments and result 
from installation of the equipment. In addition, pro- 
duction per square foot of floor area is greatly in- 
creased, sand control is better and the quality of the 
castings is improved. 


Reduce Material Costs Too 


In connection with the reduction of material costs, 
a great deal has been and a lot more can be accom- 
plished. For example, sand reclamation is a source of 
savings, not only on the basis of the actual sand saved 
but by the elimination of handling cost of both bring- 
ing sand in and removing sand. Resin and other new 
binders should furnish a real incentive for greater 
study to develop a sand for both cores and molds that 
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12-hopper squeezer molding line witi 


the nature of the casting and the num 
ber of cores to be set. 


will result in lower costs and improved quality. Me- 
chanical sand mixing has greatly improved sand qual- 
ity and resulted in improved quality of castings. This, 
in turn, reduces finishing costs. 

One of the points that should be emphasized is that 
in any substantial mechanization it is found that an 
operation is not one but anywhere from 5 to 25, or 50 
smaller operations. These various units generally are 
not given careful enough study; insufficient importance 
is attached to them in studying the original] layout. The 
result is an efficient unit except for one or two items 
of work. Too little attention is paid to the small items 
that really make the investment worth while. 


Avoid High Capital Investment 


The smaller foundry cannot afford to spend one or 
two million dollars to install molding and handling 
equipment, but must still sell in a competitive 





power driven mold conveyor gives 30 
to 50 molds per hour, depending on 
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market. To do this, cost of operations cannot be out oi 
line, so savings and methods of cost reduction must be 
ipplied without high capital investment. This can be 
illustrated by improvements made in the author's 
plant. As an example, experience shows that a sub- 
stantial reduction in grinding costs can be accom- 
plished by using pressure fixtures, or special fixtures 
ior long runs. The cost of these fixtures is small and 
the results are very gratifying; in fact a 20 to 30 per 
cent savings is not unusual. This is true whether or not 
the plant is mechanized. And savings can amount to 
10 to 40 per cent on operations and even on total 
department costs. 


Follow-Through Important 


In the case of a plant that is mechanized, the impor- 
tance of following through with the type of improved 
methods suggested cannot be over emphasized for large 
or small plants. Savings gained can almost equal sav- 
ings accomplished originally through mechanization. 
A good mechanic or mechanical engineer with in- 
genuity and initiative, with cooperation of foremen 
and top management, can accomplish these savings. 

Savings of this type made on individual jobs, oper- 
ations, or piece of equipment are usually permanent 
and not affected by the operations of other equipment. 
For example, on the squeezer line there are many 
pieces of equipment, including the elevators, con- 
veyors, shakeout, sand mill, and all the electrical 
equipment and automatic equipment that goes with it. 
There are 12 molders on this line, and all it takes to 
stop 12 molders from working, plus the shifters, pour- 
ers, shakeout man, and spruers and chippers, would be 
one switch going out, one elevator belt breaking, or 
any one of a number of small items failing will stop 
that type of equipment. 

Besides the possible mechanical failures that cause 
downtime, other considerations are material handling, 
material delivery, and service to the mechanized lines; 
such as, cores, sand, metal delivery, pattern changes, 
pattern and flask repairs, etc. Each contributes any- 


Before (left)—Pouring off in the old 
foundry before mechanization. 


After (right)—.Pouring of squeezer 
molds as well as the slinger molds 
shown being poured here is mecha- 
nized for maximum efficiency and 
minimum fatigue of pouring crew. 





Hydraulic slinger operated by man at left produces 80 to 
100 molds per hour, is used for heavy cope and drag work. 


where from 1% to 3 or 4 per cent downtime during a 
shift, and by the end of a shift, totals 10 to 15 per cent. 


Don't Underestimate Downtime 


In laying out a mechanization job, one would origin- 
ally figure the capacity for sand and pouring and the 
possible production per molder per hour. On that 
basis, reduction in costs expected to be realized from 
the capital investment involved would be estimated. 
Without careful study, one would figure about five 
per cent downtime, but it is probably closer to the 15 
per cent mentioned previously. The result is another 
5 or 10 per cent unanticipated downtime, which in 
turn is loss of tonnage or production. This tonnage or 
production based on, for example, 1,000 tons of cast- 
ings per month would be a loss of 100 to 150 tons of 
castings. At today’s selling prices this is a substantial 
amount of money. 

Besides that, after budgeting man-hours for the 
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Power dump cradle empties pallets onto conveyor which 
carries castings and sand to vibrating shakeout. 
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balance of the departments on the basis of forecasted 
tonnage, a plant finds itself with enough men to finish 
1,000 tons of castings but winds up with 850 to 900 
tons. This again increases costs in subsequent depart 
ments. It is easy to see how costs of mechanization— 
costs not originally considered—can run up. Thus 
every mechanized unit in the plant is in effect part of 
another unit and any difficulty on mechanized lines 
anywhere will have an effect on the balance of the 
operations. This points up the importance of better 
than usual scheduling of materials to the mechanized 
lines and also emphasizes the great need for and the 
importance of a good program of preventive mainte- 
nance. These are increasingly important, the more 
mechanized a plant is. Considering the problem of 
maintenance alone, it is known that a better main- 
tenance department will produce substantial savings, 
in increased tonnage due to less downtime, in replaced 
parts costs, and in total operatrng costs. 


Two Approaches to Maintenance 


There are two approaches to the maintenance prob- 
lem. One is to have a so-called repair department pro- 


Above—Molds slide onto shakeout 
grate automatically as conveyor car 
is tilted mechanically. 


Left—22-station pallet line rounds 
out molding facilities and provides 
flexibility not available through 
squeezer and slinger units. 


Automatic dump cradle in return position. Pallet with 
bottom boards returns to molder on under-floor track. 
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vide breakdown maintenance. The other is to have a 
maintenance department which will provide main- 
tenance service to prevent breakdowns—in other words, 
a preventive maintenance program. Such a program 
can be carefully planned as to labor and material re- 
quirements and would consist of: 

1. Inspection by a competent inspector. 

2. Daily maintenance-work schedules based on the 
inspector’s findings. (Work Order System.) 

3. Creation and operation of an equipment log. 

4. Program of regular replacements of expendable 
material. 

5. Study of each equipment failure with a view to de- 
termining the cause of the failure and then taking the 
necessary steps to correct it. 

6. Instructions to operating personnel. 

Some interesting results of ratings to determine the 
effective use of labor indicated that it was only 65 per 
cent. The primary cause of loss was a managerial prob- 
lem rather than poor effort on the part of the work- 





View in old core room before modernization shows pro- 
duction of cores by hand; baking was done in batch ovens. 


men. The largest single loss factor was inaccurate and 
insufficient information on work orders. This shows 
the importance of improving work orders and develop- 
ing more effective planning and scheduling. This is 
a continuing project. 

The foundry industry is following essentially the 
pattern established in the automotive industry and 
industries supplying it. A study of the progress 
made in the automotive industry shows that originally 
the savings and increased production were the results 
of conveyor lines that moved a car from one work 
station to another. That, in effect, is the same proce- 
dure followed in the foundry. 

The reduction in the cost of cars did not result from 
the reduction in labor and materials alone. The auto- 
motive people made their greatest savings by: (1) hav- 
ing suppliers mechanize their plants, (2) standardiza- 
tion and interchangeability of parts, and (3) competent 
industrial engineering and methods departments, 
which took one job at a time, made a thorough study of 
it,and reduced the number of operations and improved 
efficiency. In their machine shop, new machine tools 
were designed and built that gave a 100 to 500 per cent 





Controls for two muller-type sand mixers automatically 
eliminate manual labor and human element of sand control. 





Same core room as at left following installation of two 
horizontal, conveyorized ovens and core blowers. 


increase in production on one part. Research to de- 
velop new materials was also responsible for a great 
deal of reduction in costs. 

The foundry industry is going through the same 
phases of production and cost reduction that the auto- 
motive industry went through some years ago. For that 
reason, savings possible in the casting industry through 
reduction in costs on individual jobs and operations 
are still very substantial. 


Where Do We Stand? 


Has the foundry industry progressed or kept in step 
with other industries? Sand molding was started about 
650 B.C., and the first molding machines were used in 
about 1890! The beginning of foundry mechanization 
came only about 60 years ago. Look again at the auto- 
motive industry. In about 1915 that industry started 
working on production methods and has made exten- 
sive progress in 30 to 40 years. They didn’t make that 
progress by just putting in conveyors for assembly 
lines; they made a complete study of the problem. 

The automotive people then called in material sup- 
ply engineers to determine what material best fitted 
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that particular job. They called in machine tool build- 
ers and other tool and die engineers to determine what 
machine tools to use, how many operations could be 
eliminated, how many could be combined, and with 
each step or change they insisted on better quality and 
close tolerances. While tolerances of plus or minus 
0.003 to 0.005 in. were considered close, now 0.0002 
to 0.0005 in. are not uncommon in production. 

The automobile manufacturers called in the engi- 
neers from the steel mills. They explained their prob- 
lem and they developed a good deep drawing steel so 
the entire turret of the body could be drawn in one 
piece eliminating all of the fitting, welding, soldering, 
etc., that had to be done with the old material. The 
result again was a much better product at lower cost. 





The tire companies are another example of an 
industry that has developed and progressed to keep 
pace with the great progress in design, methods of 
manufacturing, and development of new materials. 

The foundry industry should take note of the ad- 
vances that have been made in forging and stamping 
techniques . . . fabrication and weldments of many 
parts that were previously castings . . . parts made of 
powdered metal, and with the hydrogen brazing meth- 
ods. These units generally are cheaper in cost than 
castings and usually reduce machining costs because 
the part is held to much closer dimensional tolerances. 


Foundry Must Compete 


These things seem to point up the importance of the 
foundry industry finding materials and methods that 
will, at a competitive cost, maintain a finish and 
dimensional tolerance on castings which will give com- 
petition to the materials mentioned. 

Some work has been on shell molding and pressure 
molding, but there is much to be done in order to 
produce at a cost that will be competitive. In addition, 
if the industry applied enough good mechanical study 
and research to result in 15 to 20 per cent of cost 
being labor, instead of 50 per cent as it is now, both the 
individuals and the industry as a whole would benefit. 

The field of material handling alone is one that has 
potential savings beyond the comprehension of most 


MECHANICS OF FOUNDRY MECHANIZATIO> 


foundrymen. Sand reclamation is significant because i 
saves on the initial cost of the sand, the excessive han 
dling cost, for unloading and storing cost, and cost o 
hauling away refuse sand. Coke handling (for th: 
foundries that use coke) is another phase of materia 
handling which if properly done would eliminate th: 
cost of handling and greatly improve melting by the 
elimination of fines. The foundryman buys good coke 
then proceeds to break up about 10 per cent of it by 
using clam shell buckets or some other means of un 
loading that causes the coke to be broken. 


Mechanics Determine Success 
In conclusion, it should be remembered that it’s the 
mechanics of each individual job that determines 


Buckets back of chipping and spruing 
conveyor carry sprue to charging yard 
and automatically dump near cupola. 


whether or not mechanization is successful. To over- 
look them is to literally step over dollars to pick 
up nickels. 

One phase of production badly in need of this kind 
of study is molding materials—such as resin binders 
and equipment for handling it—that will produce 
a casting at a lower cost than the present sand casting, 
and hold dimensional tolerances to a fraction of what 
is done now. Another is improved methods of cleaning 
castings. Present cleaning does not do a satisfactory 
job. Tests indicate that after pickling, which removes 
all sand and scale, tool life was increased 50 to 150 
per cent. Improved methods for removal of metal such 
as gates, riser connections, fins, etc., for the reduction 
of finishing costs, is in order. 

A serious study of pattern and core box equipment 
should be made to eliminate fins, parting lines, etc., 
to reduce finishing costs, and to develop composite 
molding practice wherever possible to reduce molding 
costs and increase yield. By using time and motion 
study, work simplification, quality control methods, 
research, and good preventive maintenance, the in- 
dustry can greatly improve its costs and its products. 

Finally the industry can obtain graduate engineers 
from the universities through the FEF program. These 
engineers have taken studies to specifically fit them for 
the foundry industry; they can be the answer to many 
foundry problems. 
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INDUCED FLOW PROCESS OF BAKING OIL-BONDED CORES 


By 


C. T. Marek* and R. J. Wimmert** 


Introduction 


Purpose of Project. Published reports and experi- 
ments confirmed by the author indicate that the time 
required to drive the moisture out of a core requires 
at least two thirds of the baking time. For example, 
in 90 min of drying time, it was found that the cen- 
ter of a core rose to the vaporization temperature of 
water (212 F) and remained there for 65 min. 

Developments in the use of oxidizing agents as ad- 
ditives to core oils and sand mixtures, have proved 
beneficial in reducing core drying time. It must be 
recognized, however, that this improvement is lim- 
ited to the heating cycle which takes place after the 
moisture is driven off. 

The potentiality for greatest success in reducing 
the time of drying lies in the phase in which mois- 
ture is being driven out of the core. The problem 
resolves itself to the following desirable accomplish- 
ments. 

1. To get heat inside the core in order that evap- 
oration of water may be accelerated. 

2. To find a method of removing steam from the 
core as rapidly as possible. 

3. To get an adequate supply of oxygen into the 
core. 

In order to appreciate the advantage of drying a 
core by forcing heated air through it, the author be- 
lieves it desirable to investigate the transformations 
taking place in conventional core production, and to 
study the function of the ingredients. 


Fundamentals Involved In Conventional Core Production 


Bonding Principles of Oil and Water in a Green 
Core. When a core mixture contains little or no mois- 
ture, its green strength can be attributed to the oil 
content. This, however, is not sufficient to produce 
the desired strength customarily expected in core pro- 
duction. If no cereal is used, green strength is almost 
entirely dependent on the bonding action of water. 
To develop effective bonding action, sufficient water 
must be present to wet all grain surfaces. Anything 
less, produces results even less effective than the feeble 
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action of core oil. Core sand bonded properly with 
water for maximum green strength is adversely af- 
fected by the oil bond. This may be illustrated by 
mixing sand and water, and observing the green 
strength before and after oil is added. A number of 
observers of this phenomenon explain this action by 
the lubricating action of oil which causes slippage 
of sand grains. Under this condition, bonding forces 
no longer are aided by frictional resistances between 
sand grains. 

A number of circumstantial observations lead one 
to realize that the effect of moisture in core produc- 
tion is far reaching and deserves even more consid- 
eration than heretofore afforded it. For example, it 
was found that a green core has greater density when 
no water is used. This would lead one to believe 
that moisture not only wets and holds sand grains to- 
gether, but spreads the grains apart. This same 
phenomenon can be substantiated by the fact that 
green permeability of core sand is least when no 
water is used. Further evidence is derived from ob- 
servations that an oil-bonded core with no moisture 
will produce a dry sand core of greater strength than 
an oil-bonded core containing water in its formula. 
It is believed that the moistureless core is cemented 
together more strongly because of greater surface con- 
tact between grains. 

It is the author’s belief that the ionic theory of 
bonding silica sand with clay and water, may be ap- 
plied to a silica and water mixture. Silica grains 
(quartz) may carry unbalanced electrostatic charges. 
In the presence of water molecules which tend to 
hydrolyze according to reactions HOSH+ +OH-, 
the silica particles will attract hydroxyl (OH-) ions 
and adsorb them on their surfaces. The negative 
unbalance attracts a layer of positive (H+) ions 
which surround each particle. The quartz particle 
with its surrounding layers of ions is referred to as a 
micelle. 

Due to the influence of the ions in one micelle on 
other micelles (alike charges repel and unlike charges 
attract each other) the ions shift about to form di- 
polar positions as illustrated in Fig. 1. The clusters 
of alike charges of one micelle act as a unit in at- 
tracting clusters of alike charges of opposite polarity 
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in other micelles. The composite of these forces is 
what produces green bond. The alike charges with- 
in each cluster, however, repel each other. The sum 
of these forces is what keeps the grains apart and pro- 
duces less density in green sand, increases green per- 
meability and reduces the dried strength of a core 
when water is an ingredient in the mixture. 

Thermodynamics in Core Drying. . The rate of con- 
duction of heat in a green core is obstructed by a 
moisture barrier which recedes toward the center as 
moisture is converted to steam. 

At some particular point in the heating opera- 
tion of a core, a situation may exist that the tempera- 





Figure 1 


ture of its center is at or near the vaporization point 
of water and its outside surfaces are above the vapori- 
zation temperature. Somewhere between these two 
extremes is an area where moisture is being evapo- 
rated from the core. The temperature gradient in 
the core drops sharply from the exterior temperature 
to the point where vaporization takes place. 

Most of the heat that is conducted into the core is 
absorbed by the mixture at the barrier and is con- 
sumed in the conversion of water to steam. In spite 
of any effort to penetrate this barrier by raising the 
oven temperature, the core temperature remains con- 
stant where vaporization takes place. Increased heat 
will merely accelerate vaporization. 

From the standpoint of heat transmission, mois- 
tureless sand can be considered a good heat insulat- 
ing material, its conductivity being 0.188 Btu/hr/ 
ft?/in. at 68 F. For purposes of comparison the heat 
transfer properties of other insulating materials com- 
monly used for their low heat transfer properties are 
as follows: fused magnesia 0.114, mineral wool 0.27, 
fiber insulation 0.24. 

Not only is it difficult to get heat into a core be- 
cause of its poor heat transfer properties, but when 
it does penetrate the core, it is immediately lost by 
being dissipated to steam with no effective change in 
core temperature. To illustrate this, the following 
computations compare the energy needed to raise 
core sand from 60 F to 400 F, with the amount of 
energy needed to evaporate and expel the moisture 
in the mixture. 

Estimating the specific heat of sand in this tem- 
perature range to be 0.23, it would require the fol- 
lowing heat energy to raise 1 lb of sand from 60 F 
to 400 F. 

0.23 (400-60) = 78.2 Btu 

To raise | lb of water through the same tempera- 
ture range at a constant atmospheric pressure, stand- 
ard steam tables disclose a heat energy of 1179 Btu 
is needed. 


INDUCED FLow Process OF BAKING O1L-BONDED Cor: 5 


A core containing 6 pct moisture would require 
the following heat energy to raise its temperature to 
400 F. 


Btu 





0.94 (Ib sand) x 0.23 (=) x (400-60) (F)=78.5Bu 
0.06 (Ib water) 1179 ( —70.7 


Total energy required 144.2Btu 
It, therefore, requires approximately twice as much 
heat to bring a moist core up to the required temper- 
ature as compared to one without moisture. 

The effect of a high increase in volume when mois- 
ture is converted to steam, may be a significant fac- 
tor in core drying and should be considered in this 
discussion. One pound of water (0.02 cu ft) under 
constant standard atmospheric pressure will expand 
to 26.82 cu ft of saturated steam at 212 F, and when 
raised to a superheat temperature of 400 F its vol- 
ume will be 34.65 cu ft. 

When this expansion takes place in a core, it is 
conceivable that a slight rise in pressure may take 
place, especially if the permeability of the sand is 
low. This would cause slight changes in vaporization 
temperatures, heat absorption properties, and volume 
of expansion. In view of all factors affecting the dry- 
ing of a core, these changes appear to be only aca- 
demic in interest. 

An important effect of the expansion of moisture 
to steam is that this volumetric change accelerates 
the flow of gases through the core. Some of the steam 
may flow to the center of the core and if that area 
is below the saturated temperature of the steam, it 
will give up some of its heat. This may lead to a 
supersaturated condition which leads to condensa- 
tion. The result of this action is a soggy core center 
such as is often experienced in core drying. 

Most of the steam will pass out of the core in the 
direction of low pressure. As it passes through the 
heated dry section it picks up superheat and contin- 
ues expanding until it is exhausted to the oven at- 
mosphere. This amounts to a heat counterflow which 
tends to reduce conductivity below the natural ca- 
pacity of sand. 

The degree of air movement in the oven will de- 
termine how rapidly the blanket of humid air is 
dispersed from the core. If the core oven is not suf- 
ficiently vented, the oven capacity for moisture ab- 
sorption is reduced and drying efficiency is lessened. 

As the moisture barrier moves inward the temper- 
ature of the outer portions of the core approach the 
oven temperature. Somewhere along this tempera- 
ture gradient, the volatile portions of the core oil 
are distilled off. As in the case of water forming 
steam, the distillation process is an endothermic re- 
action which picks up heat from the sand and ex- 
pels it to the atmosphere in a counterflow action. 
Thus we have another conteraction to heat conduc- 
tivity. 

Chemistry of Core Drying. As the surface and near 
surface portions of a core acquire favorable drying 
conditions, a change begins to take place which hard- 
ens the sand. Although distillation of volatile oils 
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takes place prior to hardening, core drying cannot 
be attributed to thickening of oil. The process of 
changing a liquid oil to a solid is a chemical reaction 
which may or may not depend on the presence of 
oxygen in the reaction. 

In the liquid state, drying oils (mineral, fatty or 
synthetic) are composed of molecules, consisting of 
long carbon chains which may vary from 12 to 24 
atoms in a group. Each carbon atom has 4 bonds, 3 
of which may be attached to other atoms such as 
hydrogen, oxygen, etc., and the fourth bond is shared 
with an adjacent carbon atom. In certain cases 
pairs of carbon atoms may share two bonds instead of 
one, forming an unsaturated hydrocarbon as follows: 


wit = 
| | +. 


H H 


depends on the number of double bonds in a chain. 
Actually unsaturation represents the lack of stability, 
or rather the capacity to combine with other mole- 
cules. This molecular consolidation to form polymole- 
cules is commonly referred to as polymerization. 

When in a liquid state, the molecules of oil possess 
the necessary kinetic energy to move freely and at 
random with no definite boundaries. When converted 
to the solid state, their activity changes from migra- 
tory to vibratory motion. Whereas we ordinarily as- 
sociate solidification of liquids with removal of heat 
energy, solidification in this case is attributed to 
transformation of kinetic to potential energy by in- 
creasing the weight of the molecule. The resulting 
decrease in molecular activity transforms the oil from 
liquid to solid. 

In the study of the drying of unsaturated oils in 
the paint industry, polymerization is preceded by an 
intermediary reaction with oxygen. The oxygen at- 
taches itself to carbon atoms at a point of unsatura- 
tion. In so doing it removes one of the double bonds 
from the carbon atoms as follows: 


The degree of unsaturation 


O. * 
fo 
-C=C- + O> —C — C- 
} 
| | | 
H H H H 


This new product will combine with another unsat- 
urated molecule to form a polymer. The oxygen 
atoms in the primary reaction are locked in between 
two ran molecules as follows: 


=. = * 
= =e C- 
2 O O 
/ ‘ | 
gia c- = 3 © 
H 


The weight of the new molecule is greater than the 


* Only a small portion of a complicated formula is shown to 
simplify explanation. 
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two original molecules by the added oxygen atoms. 
Thus, polymerization, in this case, increases the den- 
sity of the oil. 

Under certain’ conditions as when the oil tempera- 
ture is elevated, oils may harden without the aid of 
oxygen. This process is used to partially polymerize 
drying oils, and is referred to as “oil bodying.” The 
reaction takes place between unsaturated molecules 
by divesting a pair of carbon atoms of their double 
bond and sharing it with carbon atoms of another 
molecule without an oxygen interlock. The follow- 
ing illustration shows a double bonded functional 
group of one molecule polymerizing with a single 
bonded functional group of another molecule. 


CH — CH tt — te. 2 
4 \ Y \ 
-CH CH- ~CH CH- 
+ _ 
(-CH = CH-) -~CH = CH- 


The product of this reaction differs from the previous 
one in that a six-member all carbon ring is formed. 
This type of product is considered the most stable 
configuration known in organic chemistry. 

A single hydrocarbon chain may possess one, two 
or three double bonds, and sometimes even more. 
Unsaturated hydrocarbons containing single isolated 
points of unsaturation, show very little activity and 
are not suitable for drying purposes. An ideal oil is 
one which contains functional groups having three 
points of unsaturation as follows: 

(C=C—C=C—C=©0)* 

Linseed oil, tung oil and other commercial driers 
contain such complicated structures as these. They 
form endless chains which branch out into the mat- 
rix and produce super-giant tridimensional polymole- 
cules which are very stable, infusible and insoluble. 

~The mechanism of drying and bodying can be 
described in four phases. 

1. The Induction Period. In spite of attempts to 
remove all anti-oxidants, commercial drying oils con- 
tain certain amounts of natural inhibitors which pre- 
vent polymerization. This period represents the time 
needed to reduce these inhibitors. 

2. The Orientation Period. Under normal liquid 
conditions it is unlikely that polymerization will take 
place because of the stability effect of the fast moving 
molecules. However, under core drying conditions 
the heat activated double bonds become more sensi- 
tive and consequently have greater tendency to com- 
bine. Also, in an oxidizing atmosphere, the oxides 
slow down molecular motion. This offers the func- 
tional groups an opportunity to be oriented for fav- 
orable polymerization. 

3. The Molecular Rearrangement Period. If the 
double bonds are isolated from each other by carbon 
atoms with single ties as illustrated below the tend- 
ency for polymerization is geet reduced. 

—C=C—C—C 
An ideal situation is one in which the double bonds 
are located in “conjugated’”’ positions as in the fol- 
lowing illustration. 

—C=—C—C=C—C.- 


Under the proper conditions of temperature and 
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time, isolated double bonds will shift to their con- 
jugated positions and produce molecules more fav- 
orable for polymerization. 

4. Period of Molecular Growth. When a functional 
group of three conjugated double bonds polymerizes, 
the product contains one more double bond than 
was contained in an original combining group. Thus, 
after a slow start, the reaction has a self-propelling 
acceleration because it gains in double bonds after 
each combination. 

A molecular structure may consist of three func- 
tional groups. Therefore if this reaction of increasing 
acceleration occurs on three different parts of a mole- 
cule at one time, it is quite plain that growth can be 
swift and solidification can take place quite rapidly. 

Final Drying Phase. When the external portions of 
a core become dried and polymerization of the oil is 
complete, further exposure to oven temperatures will 
disintegrate the core. At this point, the center of the 
core may still be in a green state. This is the dilemma 
in which the foundryman constantly finds himself. 
Ordinarily he will permit the exterior surfaces to be 
overbaked in an attempt to partially overcome the 
undesirable green center. In some instance, when it 
is very important to get a uniformly baked core, he 
will reduce oven temperatures and increase drying 
time. 

The disadvantages of a nonhomogeneously dried 
core are many. It lacks hardness and may lose dimen- 
sional accuracy because of abrasion in handling, or 
erosion by molten metal. It lacks strength and may 
have to be reinforced to reduce breakage. It lacks 
collapsibility because the molten metal in the mold 
must first bake the interior of the core before it will 
disintegrate and collapse. It produces more gas be- 
cause of the presence of moisture and saturated oils 
in its center which would have been distilled off if 
the core were properly dried, 

These are the problems confronting the foundry- 
man in his daily production of cores. 


Induced Flow Process 


Principles of the Induced Flow Process. To over- 
come the inherent difficulties encountered in conven- 
tional core drying, the Induced Flow Process was con- 
ceived and investigated. The object was to force 
heated air through the core by developing a pressure 
difference between the top and bottom of the core 
plate or drier. 

A study of the probable physical and chemical 
changes taking place under this new condition, in- 
dicated that the basic principles of the process were 
sound. Unlike the conventional method of exposing 
only the surface sand to heat, the hot oven air would 
contact sand inside the core with equal effectiveness. 
The retarding effect of increased vapor pressure due 
to steam formation in conventional core drying would 
be vastly reduced because of air flow through the 
core. The fact that heat flow would be in the same 
direction as air flow, the counterflow problem as 
described in conventional core drying would be com- 
pletely eliminated. Removal of distilled saturated 
hydrocarbons would be performed as effectively as in 
the removal of moisture. In the polymerization phase, 
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Fig. 2—Schematic flow diagram of experimental oven and 
equipment. 


the center of the core would be adequately supplied 
with oxygen and heat, which should produce a core 
of homogeneous consistency. The dried core should 
produce less gas and it should have greater strength 
than a conventionally dried core because of uni- 
formity in drying. Considering the prospect that the 
center of the core would be thoroughly dried, it was 
conceivable that when metal surrounds the core in 
a mold, core collapsibility would be superior to that 
of the conventionally dried core. 

In addition to all these possibilities, the most ad- 
vantageous prospect of all was that of reducing oven 
time by a considerable amount. 

The Purdue Research Foundation therefore 
deemed it advisable to grant funds for the services of 
a graduate assistant to verify these conclusions and 
to further investigate the process. 

Description of Equipment for Induced Flow Process 
of Core Drying. The equipment shown in the flow 
diagram of Fig. 2 was designed and constructed spe- 
cifically for this investigation. The pressure of air, 
obtained from the compressed air line servicing the 
laboratory, was decreased from 78 psi to 3 psi by two 
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egulators shown on the left of the diagram. The air 
cooler consisted of a series of pipes submerged in 
brine solution and held at a temperature of 32 F. 
By cooling the air to a temperature below the satura- 
tion point of atmospheric conditions, moisture was 
condensed in all cases, and saturated air at constant 
temperature slightly above freezing of water, was sup- 
plied for the experiment. 

The cool humid air was piped to a gas-fired heater 
and a portion of it was passed through the heater to 
raise the temperature of the air to 500 F. The re- 
mainder of the air was by-passed around the heater 
to facilitate the control of air temperature in the 
upper chamber of the oven. 

The oven was made in two sections: the upper 
chamber and lower chamber. The only connection 
(except the by-pass) between the two chambers dur- 





Fig. 4—Experimental equipment designed to dry cores by 

the Induced Flow Process. Air is dried in the refrigerator 

unit at left, heated in the furnace in center and then 
passed into the oven where cores are dried. 


ing drying operation is the core specimen which rests 
on a special core plate. Detail of sealing the core 
plate is shown in Fig. 3. Pressure differences across 
the core specimen caused the heated air to pass from 
the upper chamber, through the core and out to the 
lower chamber. By manipulation of a bleeder valve, 
pressure differences between the two chambers could 
be adjusted. 

Figure 4 shows the over-all view of the equipment 
and Fig. 5 illustrates a core being removed from the 
experimental oven. The door on the oven is de- 
signed for rapid opening and closing, in order that 
the core may be removed or inserted without delay. 

To calibrate the rate of air flow through the stand- 
ard core at various pressures, the exhaust air from 
the lower chamber was cooled by passing it through 
a series of pipes before it reached the flow meter. 

Procedure of Test. All test specimens were made 
with a standard A.F.S. Tensile Test Core Box. The 
cores were made according to standard procedures 
recommended by the A.F.S. A standard test core mix- 
ture of 100 parts of sharp (lake) sand (A.F.S. Fine- 
ness 57), 4 parts of water and | part of raw linseed 


283 


oll (by weight) was used in the experiment. In an 
attempt to avoid unnecessary variables, the entire oil 
supply was obtained in a single bulk container. Suf- 
ficient sand was also set aside for the entire experi- 
ment. Standard test procedures as recommended by 
the A.F.S. were used wherever possible. 

The above proportions were selected on the basis 
of relative good green strength obtained with a mini- 
mum amount of water for tempering. Cereal binders 
were avoided in order to reduce variables in test re- 
sults. It was felt that because of the sensitivity of 
cereal-bonded cores to atmospheric humidity, extreme 
care would be necessary to avoid damaging effects of 
moisture pick-up by the dry sand cores. Even with 
the oil-bonded core, a desiccator was used wherever 
possible. Due to the long period of time over which 
the experiment was performed, it was felt that lin- 
seed oil would show less aging than commercial oils. 

The mixtures were prepared in a 24-in. Simpson 
laboratory mixer in accordance with A.F.S. recom- 
mendations, 

The selection of a parameter to evaluate the ex- 
tent which the test cores were baked, proved rather 
difficult. After some consideration and evaluation of 
available equipment, it was decided that tensile tests 
augmented by core hardness tests would be used to 
evaluate the degree of drying. Tensile tests were per- 
formed on a motorized universal sand strength ma- 
chine. A pre-test load of 16 psi was used to compen- 
sate for elongation of the specimen. Attempts were 
made to obtain core hardness readings on both sides 
of the broken sections of the tensile specimen. 

In order to make comparisons with the convention- 





Fig. 5—Test core being removed from experimental oven, 
illustrating position of core on special drier and quick act- 
ing door in open position. 
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Fig. 6—Tensile strength, Baking Time curves for conven- 
tionally baked cores. 


al drying process, cores were dried in a Dietert test 
core baking oven at temperatures ranging from 300 F 
to 500 F in increments of 50 F. The time of drying 
was varied from 10 to 180 min for each temperature. 
Based on these results it was decided to consider a 
core “baked’’ when its tensile strength reached 100 
psi. The graph of Fig. 6 illustrates the time-tempera- 
ture characteristics obtained for the standard core 
mixture. 

After some experimentation with temperatures in 
the experimental oven, it was found that high tem- 
peratures yielded best results. All experiments with 
induced flow were therefore performed at 500 F, the 
maximum temperature available. Time was varied 
from 5 to 12 min in I-min intervals. The pressure 
across the core was varied from 6 to 15 in. of water. 
Pressures higher than 15 in. of water were not used 
because small amounts of sand passed through the 
vent holes in the core plate, leaving small pockets in 
the core. It is believed that further experimentation 
with core plate vents and with core mixtures would 
permit higher pressures. 

All tests were performed on 5 samples and all re- 
sults were used in a statistical analysis. 

Discussion of Data. Figure 7 in a graphical repre- 
sentation of data listed in Table 1. Each curve repre- 
sents the tensile strength of cores dried by the in- 
duced flow process, holding the time constant and 
varying the pressure difference across the core from 
6 to 15 in. of water in increments of | in. 

The rate of increase in tensile strength with respect 
to an increase in pressure may be judged by observ- 
ing the slope of the curves. The 5-min curve, for 
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example, is quite flat and therefore tells us that th: 
response of strength to increased pressure is low. A 
drying time is increased, the rate of change in ten 
sile strength continues to improve up to the 7-mir 
drying cycle. The slope of the 8-min curve is not a 
steep as the 7-min curve, but there is little practica! 
difference between them. As drying time is extendec 
beyond 8 min, the slope of each succeeding curve be 
comes more nearly horizontal. Consequently the re 
sponse of tensile strength to pressure change becomes 
less when longer drying cycles are employed. 
Within the range of this investigation it was found 
that at any given pressure, the cores which were ex 
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posed to heated air the longest, developed the great- 
est strength. 

The curve of Fig. 8 converts pressures across a 
standard core specimen, to rates of air flow through 
it. By this means the graph of Fig. 9 was developed, 
relating tensile strength to the total volume of air 
used in the drying of the core specimens. As in Fig. 
9, the slope of these curves represent rate of change. 
In this case the rate of change in tensile strength is 
correlated with total air volume. The 7-minute dry- 
ing cycle has the steepest slope and consequently rep- 
resents drying conditions at highest efficiency. This 
means that by increasing the rate of flow through a 
core at a 7-min drying time, the corresponding rise 
in strength is higher than at any other drying time. 

It is important to note that at any constant volume 
up to 11.2 cu ft, the strongest core is obtained from 
the longest drying cycle. Beyond 11.2 cu ft, the op- 
posite is true; the curve representing the longest 
drying time, produces the weakest core. 

Results obtained from standard cores dried in a 
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conventional laboratory type core oven, are listed in 
Cable 2 and illustrated graphically in Fig. 6. For 
purposes of comparison with induced flow, it should 
be noted that the 500 F temperature curve reached 
its maximum strength at 97.6 psi in approximately 
10 min. The same strength was acquired by the in- 
duced flow process in 8 min after passing 10.5 cu ft 
of air through the core at 500 F. This represents a 
reduction in drying time of 80 per cent. 

The peak strength at 500 F in the conventional 
drying oven was achieved at the expense of burning 
the exterior surfaces of the core. Specimens dried by 
the induced flow process did not appear to be burned 
and the cross-section seemed to be uniformly dried. 
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vious. Points on graph in Fig. 9 are average hard- 
ness of cores under a given condition. 

1. The curves representing drying times of 5, 6, 7 
and 8 min mové upward under all the drying condi- 
tions. Also the longer drying time, produced the 
harder top core surface. 

2. The 9-min curve begins to slope downward 
slightly and then plunges steeply. This sheuld in- 
dicate that the surface of the core had passed its op- 
timum strength. The 10- and 11l-min curves are be- 
low maximum hardness and continue dropping at a 
greater rate than the 9-min. The 12-min curve drops 
even more rapidly. 

Figure 10 and Table 4 represent the hardness char- 





acteristics on the bottom of the same cores produced 
by the induced flow process. The following obser- 
vations are called to the reader’s attention. Data 
were recorded and plotted same as for Table 3 and 


Limiting the conventional core drying method to 
a reasonable drying time of 114 hr, a comparison with 
the induced flow process revealed that the new tech- 
nique would dry cores in much less time and produce 
stronger cores. Fig. 9. 

The results of the hardness test by induced flow, 1. All the curves slope upward. This would in- 
were not expected to be too reliable because only a dicate that the bottom surface is not overbaked. 
short test stroke could be made with the hardness 2. The 8- through 12-min curves are bunched to- 
tester on the broken pieces of the tensile test core. gether and their slopes are nearly horizontal. This 
Nevertheless, by noting the trends on the graph of would indicate that the bottom hardness is near its 
Fig. 10 and Table 3, some significant points are ob- peak. 


TABLE 1—TENSILE STRENGTH OF TEST OVEN CorEs AT DIFFERENT TIMES AND PRESSURES 








6in.H2,0 7in.H,O 8in.H2,0 Q9in.H2,O 10in.HgO Illin.HgO 12in.H2O 13in.HgO 14in.HgO 15 in.H2O 
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure 
5 Min 22.0 22.5 25.0 25.5 34.5 34.5 41.5 42.5 48.0 62.5 
17.5 20.0 20.0 28.0 27.5 34.0 39.0 43.5 40.0 57.0 
19.0 22.5 23.5 28.0 30.0 31.0 40.0 45.5 45.0 53.0 
20.0 22.0 20.0 29.0 28.0 30.0 37.0 45.0 44.0 48.0 
22.5 21.0 23.0 26.0 26.0 32.0 39.5 42.0 45.0 43.5 
6 Min 24.0 29.5 32.5 39.0 45.5 49.0 55.5 59.0 75.5 68.5 
28.0 31.5 35.0 41.5 47.0 56.0 60.5 65.0 80.0 72.0 
29.0 34.0 37.5 42.0 47.5 50.5 55.0 64.0 60.0 69.5 
28.5 28.0 34.0 44.5 43.0 53.0 57.5 62.0 67.0 74.5 
$2.5 30.5 34.5 43.5 40.0 52.0 56.5 58.5 65.0 75.5 
7 Min 40.0 45.0 50.0 50.5 64.5 67.5 75.0 84.0 90.0 95.5 
38.0 42.0 47.0 50.0 62.0 69.0 78.0 78.0 95.0 92.5 
39.0 47.0 48.5 52.5 61.5 63.0 79.0 77.5 87.5 90.0 
40.0 47.5 47.5 55.5 64.0 69.5 71.5 82.0 87.5 88.0 
40.0 45.0 50.0 52.5 60.0 76.0 74.5 85.0 90.0 94.0 
8 Min 50.0 54.0 64.0 70.0 72.0 79.0 88.0 89.5 95.5 102.0 
49.5 58.0 65.0 68.5 73.5 84.0 91.5 93.0 103.0 101.0 
47.0 59.0 64.5 69.5 77.5 83.0 87.5 91.5 105.0 107.5 
49.0 55.0 66.0 72.5 72.5 85.5 89.5 92.5 104.0 110.0 
51.5 56 65.0 70.5 71.5 84.5 89.0 94.5 97.0 109.0 
9 Min 71.0 78.0 82.5 86.5 93.5 95.0 100.0 103.0 111.0 113.0 ‘ 
68.5 76.0 75.5 89.5 88.5 92.5 103.5 101.0 110.0 114.5 
68.5 74.0 76.0 85.0 98.0 94.0 101.0 102.0 105.5 114.0 
70.5 75.5 73.0 81.0 92.0 98.0 105.5 109.0 107.5 117.0 
73.5 77.5 71.5 83.0 87.0 89.5 106.0 99.5 109.0 115.0 
10 Min 78.0 85.0 85.0 89.5 101.0 106.0 106.5 106.5 113.0 115.0 
79.0 84.0 88.0 93.5 97.0 102.5 105.0 109.0 114.5 117.0 
81.5 83.0 89.5 92.0 95.0 99.0 105.5 107.5 114.5 116.5 
80.0 81.0 89.0 93.0 96.5 99.5 109.5 110.0 110.0 119.0 
76.0 82.5 89.0 91.5 98.5 100.5 103.0 111.5 112.0 117.5 
11 Min 84.0 89.0 95.0 98.5 102.5 104.0 110.0 113.5 114.5 118.5 
82.5 86.0 93.5 97.0 102.0 108.0 107.5 113.0 117.0 120.0 
87.5 90.5 92.5 96.5 105.5 105.0 112.5 114.5 116.5 121.5 
85.5 90.0 90.0 95.0 99.5 103.5 109.0 110.0 120.0 122.5 
87.5 87.5 94.5 98.0 98.0 105.5 105.5 114.0 118.5 118.0 
12 Min 90.0 97.5 100.5 99.0 107.5 109.0 113.5 115.0 122.5 118.5 
91.0 96.0 99.5 101.5 110.0 111.5 115.5 115.5 121.0 117.5 
94.0 96.0 97.0 103.5 105.0 110.5 115.0 118.5 118.5 121.5 
92.5 94.5 101.5 103.0 105.5 108.0 111.0 117.5 119.0 121.0 
92.0 95.5 101.0 100.5 106.5 112.5 111.5 117.5 118.5 121.5 
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Fig. 8—Rate of Flow vs Pressure Curve. 


3. Although hardness of bottom surfaces lags be- 
hind top hardness, there is not a great difference be- 
tween them. By blocking in the area which includes 
the majority of points, the pattern would present a 
core hardness of 70 to 76 for bottom hardness and 
74 to 81 for top surface hardness. 

Although the top surface hardness seemed to pass 
beyond its peak in some of the tests, the tensile 
strength curves do not indicate this trend. Because of 
the narrow margin in properties between the top 
and bottom, it is believed that some of the speci- 
mens were very near to their optimum strength. 

What happens beyond the range of the experi- 
mental data is a matter of speculation. Data beyond 
500 F and greater volumes of air at higher pressures 
were not feasible because of limitations of equipment 
and core mixture. 

Conclusions 

The Induced Flow Process of forcing heated air 
through cores was found to be superior to the con- 
ventional method of core drying in a number of 
ways. 

1. The Induced Flow Process required only one- 
fifth of the time normally needed to produce a baked 
core. 

2. A higher tensile strength was obtained by this 
method. 

3. The core was thoroughly dried throughout. 

4. Although the hardness tester indicated signs of 
surface deterioration at the end of certain drying 
cycles, no surface burning was apparent. 

5. Within the limitations of the experiment, lin- 
ear relationship was found to exist between the ten- 
sile strength of the specimen and the pressure differ- 
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Fig. 9—Tensile Strength vs Air Volume Curves. 


7 


7Or 





n 
SE 
T 
7 
\ 


© 
oN. 


TOP CORE HARDNESS 
3 
T 
a 


6e iz 


wn 

in. 
v 

o 


8 
46 de = % i L 

4 6 8 10 12 i¢ 16 
PRESSURE ACROSS CORE, INCHES OF WATER 








Fig. 10—Top core hardness of test oven. 


ence across the core. It appears that there are some 
prospects for obtaining even shorter drying periods 
and higher strengths within the realm of higher tem- 
peratures and/or pressures. 

6. The rate of air flowing through a core varies 
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TABLE 2—-TENSILE STRENGTH OF STANDARD OVEN CorEs AT DIFFERENT TIMES AND OVEN TEMPERATURES 








20 40 60 80 100 120 140 160 180 

Min Min Min Min Min Min. Min Min Min 

300 F er 20.3 32.7 41.1 44.2 48.4 51.0 51.5 55.4 
350 F 22.8 46.0 69.8 86.3 106.5 111.9 125.0 130.0 133.7 
100 F 25.9 75.1 116.2 114.2 111.3 110.1 107.0 106.9 102.5 
150 F 82.8 109.5 101.2 99.5 95.5 87.1 89.4 84.6 68.8 
500 F 91.4 97.6 86.9 73.4 65.6 59.4 47.3 48.4 41.2 





in a straight line ratio with pressure. Therefore a 
linear relation also exists between pressure and the 
volume of air forced through the core at a constant 
time. 

7. The most efficient utilization of air was noted 
in the 7-min drying cycle. 

8. When less than 12.2 cu ft of air was consumed 
in the drying cycle, the core with the longest drying 
cycle, exhibited the greatest tensile strength. 

9. When more than 12.2 cu ft of air was con- 
sumed, the opposite was found to be true. This would 
indicate that the rate of flow of heated air is a very 
influential factor in core strength. 

Industrial Applications. With the certainty of re- 
ducing core drying to one-fifth normal time and the 
prospect of achieving even greater substantial reduc- 


tions with higher temperatures and other refine- 
ments, design for production should be considered 
as a very important development in core baking. 

It remains up to the design engineer to develop an 
entirely new oven, incorporating simpilicty and eco- 
nomy. This is entirely possible and is awaiting the 
ingenuity of someone to put it into use. There 
would be two demands for such an oven, one for 
small foundries for limited quantity and the other 
for high production which would probably be de- 
veloped on the conveyor plan. 
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TABLE 3—Top Core HARDNESS OF TEST OVEN CorRES AT DIFFERENT TIMES AND PRESSURES 








6in.H2,O0 7 in.H,O 8in.H,O0 9 in.H»,O 10in.H2O Illin.HeO = 12in.HoO 13in.HeO M4in.H2O 15in.H»O 
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure 
5 Min 30 31 42 42 52 57 55 61 71 77 
34 28 41 55 53 53 60 68 65 68 
45 50 43 51 51 57 64 63 57 70 
36 47 43 52 54 52 65 66 69 70 
37 46 48 51 57 54 63 70 66 65 
6 Min 54 54 57 65 65 66 69 69 75 77 
57 59 55 63 66 68 74 77 74 78 
53 58 54 64 62 65 74 76 75 78 
54 56 56 64 62 63 72 73 68 87 
58 59 57 60 64 72 75 66 76 88 
7 Min 67 71 74 72 75 75 78 79 78 78 
67 72 73 76 79 78 77 76 77 75 
70 72 74 75 74 77 77 78 78 77 
72 72 7 76 73 77 74 75 77 77 
70 75 73 74 74 77 77 79 76 79 
8 Min 77 73 76 74 79 77 78 78 78 82 
74 72 75 75 78 79 80 84 78 80 
75 78 78 78 77 81 79 81 80 84 
74 71 74 81 78 87 76 84 84 84 
72 76 76 80 79 77 80 82 79 79 
9 Min 83 83 80 81 79 74 75 75 72 71 
79 81 80 86 80 76 76 74 73 69 
80 76 80 80 79 77 78 71 74 68 
79 83 80 77 80 80 75 77 75 72 
80 7Y 81 77 80 75 78 75 75 67 
10 Min 76 78 73 76 75 76 72 71 69 68 
77 77 76 79 74 75 76 75 72 70 
80 77 77 76 75 73 74 73 72 69 
77 77 75 76 77 73 75 74 72 72 
76 76 77 76 77 77 73 77 71 68 
11 Min 77 76 79 75 74 75 73 70 71 66 
77 78 76 75 74 75 76 7: 70 66 
77 77 77 77 77 75 75 71 72 63 
76 76 76 77 75 75 7 70 68 67 
7 77 75 76 76 74 76 77 72 65 
12 Min 75 73 75 71 69 66 63 64 56 57 
76 73 72 73 73 69 69 65 60 55 
76 75 72 72 71 70 71 63 61 52 
73 75 @75 72 70 66 68 64 65 54 
77 76 77 73 69 70 67 64 61 58 
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TABLE 4—Botrom Core HARDNESS OF TEST OVEN CorREs AT DIFFERENT TIMES AND PRESSURES 
6in.H20 7in.H,O 8in.H2.O 9in.H,O 10in.H,0 llin.H,O 12in.H,O 13in.H2O 14in.H2O 15in.H.O 
Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure  Pressur 
5 Min 21 20 20 21 21 39 36 48 55 55 
20 18 20 23 23 33 42 50 51 5 
21 28 21 19 24 33 42 40 71 52 
20 19 18 27 26 32 41 45 44 47 
19 23 21 21 28 31 42 49 43 39 
6 Min 27 38 41 49 50 53 59 58 64 70 
29 38 40 50 50 51 60 66 61 70 
$1 43 39 41 51 58 53 63 63 69 
40 35 39 43 51 54 58 62 66 73 
41 36 41 42 49 58 58 56 63 75 
7 Min 50 56 61 57 63 64 67 68 65 66 
45 58 60 60 63 65 64 69 68 67 
49 59 60 59 58 64 66 71 66 67 
53 59 57 61 61 67 66 68 67 68 
58 58 57 58 60 64 63 70 68 70 o 
8 Min 65 63 69 71 72 59 75 76 75 75 = 
66 68 69 70 73 63 72 73 73 76 4 
66 70 67 68 72 61 71 77 77 76 7 
67 66 69 75 72 64 76 75 76 75 . 
66 62 70 71 72 57 73 81 75 77 bo 
9 Min 67 76 71 70 69 73 72 75 76 74 a 
70 71 71 72 71 73 74 74 76 74 S 
70 69 67 72 70 70 73 73 76 71 5 
68 71 71 67 72 72 68 74 74 75 ° 
69 69 70 71 67 67 68 74 73 74 
10 Min 69 69 70 73 72 75 74 73 74 74 
70 72 73 71 73 72 75 73 76 74 
73 70 72 71 72 73 75 71 76 74 
71 70 71 74 75 70 74 74 74 74 r 
69 70 71 71 70 74 73 78 68 75 
11 Min 67 69 74 73 72 76 77 78 73 73 
68 71 74 74 78 76 76 78 78 74 
69 70 72 75 75 75 78 74 77 73 
67 72 72 73 75 78 76 73 78 72 
71 70 73 74 75 80 77 78 78 72 gt 
12 Min. 68 70 70 72 72 69 71 72 71 72 fc 
71 68 73 73 72 74 73 74 73 72 
71 74 72 70 73 74 73 70 72 72 
72 71 72 69 73 72 71 72 74 72 
70 70 73 74 72 73 72 72 71 72 
cc 
gi 
TABLE A—ANALYSIS OF VARIANCE OF TENSILE STRENGTHS th 
5 Minute Test Ww 
(Sample Data from Thesis “An Investigation of An Improved Method of Drying Sand Cores” by R. J. Wimmert) 
Source of Variation df Sum of Squares Mean Square F Fe tle * 
Between Pressures 9 5,660.68 a re on or te 
Due to Linear 1 5,443.63 ee: lee! ll fa 
Deviation from Linear 8 217.05 27.13 2.83 2.18 2.99 de 
Due to Quadratic 1 126.99 la a i a eee al 
Deviation from Quadratic 7 90.06 12.87 1.34 2.25 3.12 th 
Due to Cubic 1 7.22 A eee 
Deviation from Cubic 6 82.84 13.81 1.44 2.34 3.29 T 
Within Pressures 40 383.20 _— 060—~—~C~Ct*i‘“t‘~s ae OF ee | rt at 
Total 49 I “Uae, ec te 
* 5%, Confidence Level 
** 1%, Confidence Level 
th 
th 
Sti 
TABLE B—ANALYSIS OF VARIANCE OF TENSILE STRENGTHS tic 
(Sample Data from Thesis “An Investigation of An Improved Method of Drying Sand Cores” fo 
Source of Variation df Sum of Squares Mean Square F in tee o 
Between Pressures 9 73,339.95 8,148.89 1,146.12 1.91 2.48 
Between Times 7 255,236.52 36,462.36 5,128.32 2.04 2.71 cy 
Interaction Pressure with Time 63 4,261.01 67.64 951 1.38 1.57 ev 
Within P & T Cells 320 2,274.80 er re ae ea in 
Total 399 I) ee ae 
*5%, Confidence Level . 
** 1%, Confidence Level ve 
in 
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Fig. 11—Bottom core hardness of test oven. 


gratulate the co-author, R. J. Wimmert, who per- 
formed the experiments on which this report is based. 


APPENDIX 


The following data represent the statistical studies 
connected with the experiment. Mr. Wimmert be- 
gins his discussion of results in his thesis, “Investiga- 
tion of An Improved Method of Drying Sand Cores’’ 
with the following comments. 

“The analysis of variance® of tensile strengths 
showed that both the time the cores remained in the 
test oven and the pressure difference across the core 
faces, had a significant effect upon the tensile strength 
developed by the specimens. The effects of the time 
and the pressure were shown, by the high F value of 
their interaction, to be dependent upon each other. 
The analysis of variance of core hardness substanti- 
ated the conclusions derived from the analysis of the 
tensile strengths. 

The Orthogonal Polynomal* method of deriving 
the equations for the curves was selected because of 
the reduction of the computations necessary for the 
statistical analysis and the derivations of the equa- 
tions. The analysis of variance of tensile strengths 
for the individual times disclosed that at the 1 per 
cent level of confidence there was not a significant 
deviation from a linear trend in any of the baking 
cycles. At the 5 per cent level of confidence, how- 
ever, a significant deviation from linearity occurred 
in the 5, 7, 9 and 12-min baking cycles. 

Throughout the following discussion the assump- 
tion was made that an increasing tensile strength was 
indicative of an increasing degree of baking.” 
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DISCUSSION 


Chairman: E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Co-Chairman: H. W. Meyer, General Steel Castings Corp., 
Granite City, Ill. 

Recorder: C. C. Sicerroos, Michigan State College, East 
Lansing, Mich. 

RECORDER SIGERFOOs (Written Discussion): The Foundry In- 
dustry is indebted to the authors, Marek and Wimmert, for pre- 
senting this experimental evidence that points to the advantages 
of forcing heat and oxygen into a core for rapid baking. 

It appears to the writer that the commercial success of the 
application of the induced flow process will largely depend 
upon the design of the core. For example, a thin or flat core 
resting on a large core plate area will lend itself to the induced 
flow. On the other hand, the flow will obviously be more diffi- 
cult through a thick core resting on a small core plate area. 

In the authors’ discussion of industrial applications they state 
that it now remains for some ingenious core oven designer to 
incorporate simplicity and economy into the process. In con- 
sidering the induced flow for the wide variety of shapes and 
sizes of cores, it appears that the design of cores to facilitate 
induced flow may well be as important a factor as the oven 
design. There is certainly a possibility that the thick or chunky 
cores, referred to above, might be designed with thin walls. 
Also, why not design core vents with the idea that the vents 
could be used for induced flow during the baking process? 

Another possible commercial aspect to the induced flow 
process is in the more rapid baking of oil-sand shell molds that 
are currently being made by blowing the sand into core driers. 
This H. W. Dietert Co. process (“D” Process) yields oil-sand 
shell molds of approximately 3%-in. thickness, It is conceivable 
that this new shell process coupled with the induced flow 
method described here by Marek and Wimmert, will provide 
considerable competition for the shell process that now uses 
the expensive thermosetting plastic binders. 

H. W. Dietert:* In the new “D” process no water is used 
in the oil-sand mixture and thus the baking time is reduced. 
Research should be started to study the possibility of elimin- 
ating water from core mixtures. 

G. J. Grotr (Written Discussion):* The authors are to be 
congratulated for their orderly approach and systematic collec- 
tion of data on a highly interesting possibility in the field of 
core baking. 

It is of particular interest to the writer as this entirely inde- 
pendent investigation confirms work done several years ago 
at M. I. T. In 1947, the writer, being unaware of the Croning 
or C-Process, worked at the idea of making castings in what 
are now called shell molds. Thermosetting binders were not 
common in foundry work at that time so a search was made 
for a method for quickly baking thin sections of oil-sand cores. 
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The method developed was essentially that described in the 
paper under discussion. 

Fine mesh copper screening was reinforced with heavy wire 
backing to support the thin core sections. Air was drawn from 
a large oven at 800 to 1000 F through pipes and through the 
core by suction. Previous work had shown that at tempera- 
tures above 390 F baking was instantaneous as far as develop- 
ment of high strength was concerned. Thus, the cores were 
baked only until a given temperature was reached. Thermo- 
couple studies showed that a temperature of 500 F could be 
reached in 90 sec and cores baked for this length of time were 
quite hard and strong matching the best strengths obtainable 
through conventional baking. 

Shortly after completion of the first successful run of “shell 
molds” the writer was presented with a piece of a Croning 
shell and quickly lost interest in drying oils as binders for 
shell molds. However, this was but one possibility. 

The authors point out the desirability of a rapid removal of 
moisture as a means for shortening the baking cycle. 

This is particularly pertinent when it is considered that 
high moisture contents are necessary to obtain the maximum 
dry strength from cereal binders. Where gas evolution from 
the baked core is not critical this is a most economical means 
of obtaining baked strength as far as binder costs are con- 
cerned. That this moisture is needed only for th proper dis- 
tribution of the cereal and need not be present during baking 
is sometimes overlooked. 

Thus the role of the core blowing machine in reducing mois- 
ture content has received little attention. Even the short blow 
necessary for filling the box removes considerable moisture 
from the core and would remove more if the core box were 
vented to a maximum rather than a minimum. Drying and 
heating the air and increasing the amount used would remove 
even more of the moisture. 

Such partial drying would allow the use of higher moistures 
for better cereal distribution with the added advantage of high 
green strength after blowing and low moisture content for 
baking. Truly the possibilities are numerous. 

It was stated above that the writer considered his cores to be 
baked when a certain temperature was reached but this judg- 
ment was based on strength alone. Further experience has 
disproved this belief and, having made the error himself, the 
writer wishes to caution others in this respect. 

The chemistry of core baking as presented in the paper 
under discussion is, through necessity, directed at simplicity of 
theory rather than as being a basis for following the reactions 
as they actually occur in core baking. 

The mechanisms presented are for the most simple type of 
polymerization; that in which the final polymer weighs the 
same as the total of the reacting molecules and/or atoms. This 
occurs only infrequently, if at all, in drying oils. 

The actual mechanism is the much more complicated con- 
densation polymerization: the final polymer weighs less than 
the reacting molecules and/or atoms as the polymerization 
occurs with the elimination of some low molecular weight side 
product such as water, carbon monoxide, etc. In the polymer- 
ization of fatty acids totally free of solvents or other such 
volatile material in an oxygen-free atmosphere such side 
products are formed regardless of the temperature of polymer- 
ization. It is not surprising that they are formed in core bak- 
ing in an oxygen-containing atmosphere: the unpleasant gases 
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from core baking are primarily aldehydes formed as or fron 
these side products. 

The purpose of discussing this is to emphasize the difficul'\ 
in obtaining the carbon-to-carbon polymerization rightly cit: 
by the authors as being most stable. Baking in oxygen contai 
ing atmospheres leads to a high degree of oxidation polyme 
zation before carbon-to-carbon polymerization can take pla 

This consideration is of utmost importance where strengt!i 
tests alone are used as a means of evaluation for a process «1 
an oil. Taking the authors’ Fig. 6 for a reference, strengi\ 
considerations taken alone would dictate the choice of a cox: 
baked for 160 minutes at 350 F as being the best core. This :s 
a serious fallacy. Such a core could be used in only the mil: 
est of applications without erosion and considerable evolution 
of gas as the bond is primarily that of an oxidation polymer. 

Tests for resistance to veining and erosion have proved lx 
yond any doubt that cores must be “overbaked,” at least on 
the surface, to give best results in casting iron or steel. 

The idea that an underbaked core lacks collapsibility b« 
cause the molten metal must first bake the core before it will 
collapse seems a logical and reasonable deduction but it is not 
borne out in practice or in the laboratory. 

Collapsibility tests in a dilatometer show that cores baked 
to peak strength or for shorter times collapse very soon. Cores 
baked to peak strength even at 450 F usually collapse in half 
the time required for cores baked somewhat beyond peak 
strength. Once the cores have been baked to maximum re 
sistance to collapsing this time to collapse does not fall off 
until after the cores have been baked beyond useability because 
of crumbling during handling. Baking to maximum resistance 
to collapsing at high temperatures is essential to attaining 
maximum resistance to erosion. Correlation between resist 
ance to erosion and time to collapse under load in the dila 
tometer is sufficiently close to allow the use of dilatometer tests 
for production control of the usability f cores. 

The temperatures and times of baking to produce the degree 
of carbon-to-carbon polymerization necessary to resist veining 
and erosion are not compatible with attainment of peak 
strength. 

“Oil bodying” or the promotion of carbon-to-carbon poly- 
merization is accomplished in a CO, or N, atmosphere and 
these gases are bubbled through the oil to remove side 
products. 

On the other hand, oxidized or “blown” oils are prepared by 
bubbling air through the heated oil and this bears a close 
relation to the forcing of hot air through a core. 

Table 2 in the text suggests that while peak strength may 
have been reached for the longest baking times at the highest 
pressure differentials, some doubt remains as to whether use- 
able cores were produced. Accordingly, the evaluation of the 
cores produced must be based on resistance to erosion as well 
as strength. 

It is not suggested that excellent cores cannot be produced 
by this method but only that every effort should be made to 
attain the maximum amount of carbon-to-carbon polymeriza- 
tion regardless of the method used. It is hoped that further 
development of this promising process will soon be under- 
taken. 


1 President, Harry W. Dietert Co., Detroit. 
* Superintendent of Standards, Unitcast Corporation, Toledo, Ohio. 
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THE ANNEALING OF MALLEABLE IRON 
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ABSTRACT 


An investigation of the controlled atmosphere annealing of 
white cast iron was conducted to determine the effects of the 
carbon evolution )rom the iron itself on the annealing atmos- 
phere and the annealing characteristics of commercial malleable 
iron. The results were used as a standard for comparison to 
further experiments using air additions to modify the atmos- 
phere for control of decarburization, rim and rate of anneal. 
Results showing time-temperature-gas analysis relationships are 
graphed. Characteristic photomicrographs of resulting struc- 
tures are discussed and the relationship of mechanical properties 
to structural changes in the iron, as it is affected by atmosphere 
and rate of heating, are established. Data on nodule formation 
is correlated to atmospheric changes, rate of anneal and effect 
of heating rate. The cause of pearlitic rim is explained on the 
basis of rates of nodule formation and decarburization. 


Introduction 


With the development in design of controlled at- 
mosphere furnaces for the annealing of white cast 
iron, the malleable iron foundryman has had to face 
an entirely new set of problems. The selection, gen- 
eration, and control of the furnace atmosphere has 
largely developed into a series of individual plant 
problems, because of basic differences in white iron 
analyses, size and type of castings being processed, 
furnace design, and tonnages handled from plant to 
plant. These differences have inclined to retard rec- 
ognition of clear cut generalizations as to what is the 
“best” atmosphere in which to anneal average malle- 
able iron castings, how that preferred atmosphere is 
to be generated, and how it should be controlled— 
assuming of course that the furnace in which the an- 
nealing is to be performed is capable of positive con- 
trol. 

In general, for most steel applications these gener- 
alizations are well understood, In the case of malle- 
able iron the recognition, acceptance and evaluation 
of the effect of the carbon in the white iron itself 
upon the composition and control of the atmosphere 
has delayed widespread understanding of the prin- 
ciples of sound atmosphere control. Since only small 
tonnages of gray cast iron are annealed in controlled 
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atmosphere furnaces, this fundamental consideration 
is almost unique to the field of atmosphere anneal- 
ing of malleable iron. 

Early in the stages of this development it was rec- 
ognized that different atmospheres produced signifi- 
cant variations in the extent, degree or rate of anneal 
of a given iron. Since the range of these variations 
may effect annealing rate by over 100 per cent of the 
optimum cycle, study and investigation of this entire 
atmosphere problem is not one which an alert malle- 
able foundry management can economically ignore. 
In view of the developments in the last ten years in 
the field of controlled atmosphere annealing of both 
ferrous and non-ferrous alloys, it was decided that a 
re-evaluation of the fundamentals of this problem as 
it applied to the annealing of white cast iron would 
prove profitable. Some of the results of that work 
are reported in this paper. 

Excellent papers':? have appeared in recent years, 
dealing with the effect of machine generated gases as 
furnace atmospheres for malleable iron annealing, 
and on the effect of additions of air to atmospheres 
in continuous malleable iron annealing furnaces. The 
present field of investigation is the evaluation of ef- 
fect of the carbon in the white iron on the annealing 
atmosphere in a batch annealing operation, and the 
effects of additions of air to the atmosphere so pro- 
duced. 

Experimental Procedure 


In order to make the results immediately applic- 
able to operating conditions, all of the heat treating 
experiments were conducted on regular production 
iron and in a conventional batch-type atmosphere- 
controlled furnace. Because of these limitations, the 
approach to the problem is predominantly technical. 

Four distinct experiments were performed. In the 
first, Test No. 10, a normal load of white iron cast- 
ings was given a standard annealing cycle in a gas- 
tight radiant tube-fired annealing oven. No atmos- 
phere gas additions were made during the entire 
cycle, and gas analyses were made at | hr intervals 
throughout the entire duration of the anneal. Stand- 
ard ASTM test bar samples were strategically placed 
in the load so that they could be conveniently with- 
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Fig. 1—Time-temperature-atmosphere curves for test No. 


10 (normal atmosphere-no purges). 


drawn at predetermined times in the cycle, and at a 
point where their exact thermal treatment could be 
recorded. 

In the second experiment, Test No. 30, the same 
general procedure was followed, with the exception 
that air was admitted and atmosphere gas vented for 
three individual 10-min intervals at the following 
times: 

First; when the entire mass of castings reached 
1700F. 

Second; exactly 4 hr after the first venting. 

Third; exactly 6 hr after the first venting. Venting 
was performed through two port holes in the casing 
of the furnace; one being about 8 in. above the 
hearth at one end of the furnace, and the second 
about 18 in. below the peak of the arch at the other 
end. 

The third experiment, Test No. 40, followed the 
general pattern established by the two previous exper- 
iments. Vent openings and times were adjusted to 
try to maintain a CO/CO, ratio of between 2/1 and 
3/1. 

The fourth experiment, Test No. 50, was a dupli- 
cate of the pattern of Test No. 40, except that granu- 
lar wood charcoal was scattered on the iron charge 
before heating began, so as to produce a rapid elim- 
ination of free oxygen from the annealing atmos- 
phere. 


TABLE 1—CHEMICAL ANALYSES OF SAMPLE TEST BARS 








Tests No. Carbon Silicon Manganese Chromium 
10, 30, 40 2.36 1.56 45 .037 
50 2.35 1.58 44 032 





Analyses of the test bars used is shown in Table 1. 
Great care was taken to insure having bars of uni- 
form composition and inherited metal characteristics. 
The metal was duplexed in a cupola and oil-fired air 
furnace combination. 

Test bars are identified by number; the first digit 
being the first number of the respective test, the sec- 
ond being the ordinal number of removal from the 
furnace in each respective test. The bars were re- 
moved from the furnace at the following times. 


% 


1900770 
TEST BARS; | Ff 
Remove Do 31 32__.33 





ae ve a 
36 326A 37 38839 


¥4 
& 





1700} 60 ; ot = 4 
j H 
; 








1500-50 , ; f =, 4 
f| J | Yosh. 


r) U y - a i 
. * TEST BAR” 
: COUPLE 





e 
~ 





$3 8 
8 





TEMPERATURE 
oe © 
°o 
S 
<8 
a. ‘ 


Pn diag 





4 
































7) + PURGES 
/ i 
) 1 


TA / 














20 Kk] 
ELAPSED TIME IN HOURS 


Fig. 2—-Time-temperature-atmosphere curves for test No. 
30 (three intermittent purges). 


X1 (e.g. 11,31, etc.)-When the test bars reached 
1700F on heating. 

X2 (e.g. 12,13, etc.)-After the test bars had soaked 
3 hr at 1700F. 

X3 -After the test bars had soaked 6 hr at 1700F. 

X4 -After the test bars had soaked 10 hr at 1700F. 

X5 -At the start of the fast cool phase of the cycle. 

X6 -At the time the bars on fast cool reached 
1380F. 

X6A- (Tests No. 30 and No. 50 only) At the time 
the bars on slow cool reached 1350F. 

X7 -At the time bars on slow cool reached 1330 F. 

X8 -At the time the annealed castings were re- 
moved at the end of the annealing cycle. 

X9 - (Tests No. 30, No. 40 and No. 50 only) These 
bars were inserted into the furnace | hr after 
the X-1 bars were removed and they remained 
in the furnace for the balance of the cycle. 
Observed heating time was 15 min each. 


Results 


Development of Atmospheres: The fundamental 
data describing the temperature cycle and the atmos- 
phere gas analysis throughout the four cycles are 
graphicaly shown in Figs. 1, 2, 3, and 4. 

Test No. 10 (Fig. 1) is the basic experiment which 
best illustrates what happens when white cast iron 
is annealed in a sealed container. On heating, the 
gas reactions are quite slow at temperatures below the 
critical temperature of the iron. When this point is 
reached, carbon evolution from the iron and the 
formation of CO are very rapid. The equilibrium 
between CO and CO, is very sensitive to tempera- 
ture changes, and in commercial annealing CO con- 
centrations as high as 77 per cent have been recorded, 
when the temperature is in the 1750 - 1800F range. 
As an illustration of this sensitivity, note that after 
the fast cool (25th hour) a rise of 20F from 1420 to 
1440F is’ coincident with an increase from 52.5 pct 
CO to 57.5 pct at a time when the mass of the load 
was slowly cooling (note load couple). In the cool- 
ing phases of the cycle thermal equilibrium between 
CO and CO, makes automatic adjustment of the at- 
mosphere, as shown by the gradual decrease in CO 
and increase in CO,. 
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Fig. 3—Time-temperature-atmosphere curves for test No. 
40, intermittent purging to 2/1 to 3/1 CO/CO, ratio 
during soak. 


In Fig. 2 the general slope of the temperature and 
gas concentration curves closely follow the corre- 
sponding curves of Fig. | up to the 16th hour. (A 
heavier mass of white iron in Test No. 30 accounts 
for the slower heating and carbon evolution). At 
this time the first purge arrested the formation of CO, 
but: caused no appreciable increase in CO,. Each of 
the three purges occasioned a similar reaction. In 
each case chemical recovery and readjustment fol- 
lowed the oxidizing effect of the air substitution. 
While development of a 60 pct CO atmosphere was 
successfully prevented, the curves clearly show the 
extreme sensitivity of the equilibrium to changes in 
temperature. As in Test No. 10 the significant drop 
in CO and rise in CO, came with a lowering of temp- 
erature. 


The first 16 hr of Test No. 40 (Fig. 3) is a replica 
of the previous tests. At the. 15th hour, the analysis 
was almost exactly 3/1 CO/COs,, and purging was 
started. However, the amount of air required to 
maintain the desired atmosphere with the rising tem- 
perature was greatly under-estimated. In spite of 
successively greater increments of air, control to the 
predetermined limits could not be maintained until 
the 20th hour. It is while the load is increasing in 
temperature from 1500F to 1700F and for the first 2 
hr of 1700F soak that the carbon from the iron is 
most readily available. This is to be expected, since 
the rates of carbon diffusion at these temperatures 
follow a logarithmic curve. All air additions were 
stopped at the end of the fast cool phase of the cycle, 
and beyond the 30-hr period chemical change is at- 
tributable to changing thermal equilibrium. Because 
of the large volume of air used to rectify the atmos- 
phere during the heating and high temperature hold 
phases of the cycle, the CO/COy, ratio was just 2/1 
when the slow cooling phase started, As cooling pro- 
ceeded insufficient carbon in the atmosphere was 
available to maintain the desired limits, and the ratio 
fell to approximately 1/2. This drop had no observ- 
able adverse affects on either the test bars or produc- 
tion iron. 
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Fig. 4—Time-temperature-atmosphere curves for test No. 
50, charcoal and intermittent purging to 2/1 to 3/1 
CO/CO,, ratio during soak. 


In Test No. 50 (Fig. 4) the presence of the char- 
coal upset the normal carbon-oxygen-iron equilib- 
rium by providing an excess of available carbon 
throughout the duration of the test. A small amount 
of charcoal remained unburned after completion of 
the annealing cycle. The first indication of a change 
was the fact that within | hr of the time the furnace 
was sealed, the free oxygen of the chamber air had 
all combined with the charcoal to form CO, at lower 
temperatures than had occured in corresponding 
phases of previous tests. While charcoal is unques- 
tionably a very active form of carbon, this behavior 
is interpreted as an indication that below the critical 
temperature the rate of carbon evolution from white 
iron is very slow. Therefore, carbon not being read- 
ily available from the iron below 1350F, the time re- 
quired to eliminate free oxygen is extended. This is 
suggested by lingering quantities of free oxygen up 
to the fifth hour of heating in the previous tests. 

Another factor which deserves consideration at this 
point is the probable formation of iron oxide on the 
surface of the castings at subcritical temperatures. 
Aside from the fact that this reaction removes some 
free oxygen from the atmosphere on heating, it is 
more interesting for its probable effect in forming a 
sealing barrier which retards early and rapid decar- 
burization of the iron as it is being heated to 1700F. 
This subject will be discussed in greater degree as 
further data is presented. 

It is quite significant that while the charcoal re- 
acted quickly with the free oxygen to form COz., the 
CO did not form in appreciable quantities until the 
white iron reached the lower critical temperature. 
From this point the tendency to form CO and reduce 
CO, was very strong, in spite of considerable venting 
of the furnace after the ninth hour. In a few hours 
a reasonably purging rate was established which per- 
mitted establishment of an atmosphere approaching 
the original intention. 

After the fast cool the readjustment in CO/CO, 
ratio to the lower temperatures did not take place, 
and reduced venting of the furnace continued to take 
place until the 42nd hour. Until this time the free 
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TABLE 2—AVERAGED MECHANICAL PROPERTIES 
Durationof Temp.F % Elonga- 
Test Sample Heat Treat- of Brinell Yield Ultimate tion in Nodule 
No. No. ment, hr Removal Hardness Strength Strength 2 in. Count-Co 
10 16 25 1400 255 ae 98,000 3.5 48 
(No purge) 17 33 1300 134 39,600 53,200 8.0 50 
18 371% 100 131 37,400 52,800 10.0 51 
30 ea ae 277  — WoO ~~ 45 44 
(Three Intermittent Purges) 36A 35 1350 241 - 86,000 5.0 44 
37 37 1330 143 39,200 56,000 14.5 42 
38 47 100 143 37,800 55,400 17.5 48 
39 34 100 143 37,200 53,000 13.0 8 
40 46 31 1380 255 _— ‘97500 = 45 50 
(Purge to 2/1 to 3/1 47 41 1330 143 38,000 54,300 13.5 46 
CO/CO, Ratio 48 49 100 137 36,900 53,600 14.0 42 
49 36 100 131 37,800 54,000 13.5 20 
50 56 30 ~ 139800 ¢=©=——«éH — Ie 7eO 45 48 
(Charcoal Plus Purge to 56A 37 1350 149 39,800 58,500 14.5 35 
2/1 to 3/1 CO/CO, Ratio) 57 39 1330 137 37,500 55,500 19.5 42 
58 49 100 143 36,200 54,700 20.0 40 
59 38 100 134 35,600 50,000 23.0 17 
carbon of the unburned charcoal had been respon- 
sible for the maintainance of a CO/CO, ratio of over — 
2/1. As the temperature of the load dropped below ~~ a> wale 
the upper critical temperature, and in spite of the 2 os se [se Ss 
. . 0. “4 = 
excess available carbon, the ratio dropped abruptly. N oe ® - 
Mechanical Properties: The test bars were checked 3 o20 ZN. 2 hesrsol 
for mechanical properties and prepared for micro 9 Py A - i 
examination. The properties of all bars tested are w 15” ae i Z 
reported in Table 2. § a: 2 
< ~ 7 ar: a7 2. > . / Sd 4 
Test No. 10 bars were characterized by low elonga 45 010 an HERETO TOOT 
tions, although the other properties were normal. - 14 i | | ee HOLD AT 1700° F 
hi p i i . = “ 
This is attributed to the heavy pearlitic rim induced ig 008 7 VA p* wwe! mined rand 
by the high CO gas concentration generated during | 
annealing. In Tests No. 30 and No, 40 better elonga- | __ = Se Sse 
ELAPSED TIME IN HOURS 


tion values were produced. In each case the micro- 
structures showed lesser amounts of pearlite in the 
rim than in the bars from Test No. 10. The bars of 
Test No. 50 showed high elongations resulting from 
the heavy decarburized skin on these bars, in spite of 
the scattered pearlitic layer underlying the ferrite 
surface. 

An interesting phenomenon was the lowered ulti- 
mate and yield strengths of the bars inserted into 
the furnace after it had reached 1700F. These reduc- 
tions correlated with the lowered nodule counts for 
these bars, are a result of the rapid heating rate. No- 
dule count was made at the center of the cross-section 
of the test bar and is the full count in an area of 
00088 sq in., (area of 4 in, by 5 in. at 150 diam). 

Decarburization Rate: In evaluating decarburiz- 
ing effect, some contention exists regarding whether 
or not the pearlitic band is decarburized area. The 
present studies show convincingly that not only is 
the decarburized rim and its usual underlying pear- 
litic band a part of the decarburized zone, but also 
that “rim” also includes the ferritic areas under the 
pearlite in which the carbon nodules are enlarged 
in size and depleted in number. The curves shown 
in Fig. 5 are drawn from measurements of this dis- 
tance. 

In Test No. 40, in which the objective was to hold 
a constant ratio CO/CO, gas, the rate of decarburi- 
zation during the period when the iron was above 

































































Fig. 5—Relationship of time and phase of cycle to visible 
decarburization effect. 


the critical temperature was uniformly .0007 in. per 
hr. This held constant, in spite of changes in atmos- 
phere gas analyses and temperature. Tests No. 10 
and No. 30 showed a surprising similarity to this 
rate, however, they had a faster rate of decarburiza- 
tion during heating to 1700 F. This may have been 
affected by the fact that bars in the tests No. 10 and 
30 were heated to 1700 F at a faster rate. The data 
do not seem conclusive on this point. 

The initial rate of decarburization for the No. 50 
tests was very rapid (as was the heating rate), and 
the rate to a depth of .020 in. the fastest of all tests. 
What was surprising was to find no additional decar- 
burization for the last 28 hr of the annealing treat- 
ment. 

Nodule Formation: Because of the apparent con- 
nection between nodule count in the rim and decar- 
burization, the investigation was extended to include 
a study of the inter-relationship. Figures 6, 7, 8 and 
9 show the progressive development of nodules as 
affected by progress of the anneal. In all tests nodule 
formation developed progressively during the heat- 
ing to soak temperature. In Test No. 10 this develop- 
ment continued at a reduced rate through the high 
temperature hold phase. In Test No. 30, No. 40 and 
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Fig. 10—Center of test bar No. 38 showing complete an- Fig. 11—Center of test bar No. 39 showing considerable 
neal of core at completion of normal cycle. Mag.—150x. pearlite in core of sample rapidly heated to 1700 F and 
treated in otherwise normal cycle. Mag.—150x. 
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Fig. 12A—Edge of No. 10 test samples (no purge) showing progressive structural changes in rim at various stages 
of anneal. Mag.—150x. 


No. 50, a decrease in nodule count in rim and core 
is coincident with the introduction of air to the at- 
mosphere. In all cases there was no differentiation in 
the nodule count of the rim and core until the fast 
cool phase of each cycle started. At this point the 
nodule count in the rim dropped, while in the core 
it increased, 

Effect of Rate of Heating: It has long been known 
that rate of heating has a pronounced effect on an- 
nealing rate and nodule formation. Not only does 
slow heating favor the development of nodules but 
it affects the shape of the nodule. Figures 10 and 11 
showing the structure in the center of bars No. 38 
and No. 39 illustrate both points. Except for differ- 
ences in the initial rate of heating, each bar had the 
same heat treatment. The rounded shape of the no- 
dules produced under slow heating conditions con- 
trasts sharply with the star-shaped nodules of the 
rapidly heated sample. In addition, substantial 
amounts of pearlite were present in the matrix of 


the structure of No. 39. This shows that because of 
the poor nodule formation, second stage annealing 
was incomplete, in spite of the fact that the cycle was 
satisfactory under the normal conditions of heating. 
The presence of such substantial amounts of pearlite 
in the core structure would ordinarily be expected to 
cause a noticeable increase in yield and ultimate 
strengths and a drop in elongation as compared with 
a properly annealed iron. The elongation dropped 
by 4.5 pct to 13.0 pct, but instead of increasing, both 
yield and ultimate strengths dropped slightly. The 
drop in core nodule count from 48 in the slowly 
heated bar to 8 in the rapidly heated bar and the 
accompanying change in nodule shape and distribu- 
tion are responsible for this deterioration of proper- 
ties. While the presence of pearlite in the matrix 
has a strengthening effect, this was offset by the tend- 
ency of large, pointed nodules to weaken the struc- 
ture. To a certain extent these factors are compen- 
sating as far as mechanical properties are concerned. 








|. T. Bryce, A. HERNANDEZ AND F. B. Rote 


297 





No. 15 No. 16 


No. 18 


No. 17 


Fig. 12B—Edge of No. 10 test samples (no purge) showing progressive structural changes in rim at various stages 
of anneal. Mag.—150x. 


Effect of Surface Decarburization on Elongation: 
Because measured elongation of an unmachined test 
bar can be influenced so markedly by the amount of 
surface ferrite in the decarburized rim, this mechan- 
ical property is not a reliable criterion of metal qual- 
ity. This was clearly demonstrated by comparison 
of the properties of bar No. 18 with those of bars 
No. 39 and No. 59. Bar No. 18, with a fully annealed 
core structure and a rim containing pearlite to the 
surface, developed a measured elongation of only 10 
pet. Bar No. 39 (Fig. 11) and Bar No. 59, with ap- 
preciable amounts of pearlite in their respective core 
structures and ferritic outside surfaces, developed 
measured elongations of 13.0 pct and 23.0 pct respec- 
tively. On the basis of elongation the No. 39 and 
No. 59 bars would appear to represent properly an- 
nealed castings and Bar No. 18 a doubtful quality. 

On machining a significant difference would soon 
be evident. The structure represented by Bar No. 
10 would turn, mill, drill or tap with ease, and time 


lost for broken tools, resharpening or replacement 
would be a minimum. By comparison, in the case 
of castings represented by structures characteristic of 
Bars No. 39 and No. 59, tool life would be greatly 
reduced and down time increased. 


Discussion 


Decarburization Characteristics: It is evident from 
a study of the gas analyses and microstructures that 
some measure of control of the intensity and rate of 
surface decarburization is possible through control of 
the analysis of the atmosphere gas. Figures 12 and 
13 show the progressive changes in the rim on samples 
from Tests No. 10 and No. 50. Photomicrographs of 
these tests were selected because they illustrate the 
minimum and maximum decarburization rates ob- 
served. In all of the Test No. 10 photomicrographs 
the surface decarburization, while active, did not pro- 
ceed to the point where the ratio of ferrite to pear- 
lite in the outer rim exceeded an approximate 1:1 








Fig. 13A—Edge of No. 50 test samples (charcoal and 
purge to 2/1 to 3/1 CO/CO, ratio) showing progressive 


ratio. This would correspond to a minimum carbon 
concentration of about .35 pct. While the penetra- 
tion of decarburizing effect is progressive, it is not 
severe at any stage of the cycle. In fact, the severity 
would appear to be less during the slow cool stages 
than during the soak stage. In the outer .007 in. of 
sample No. 11, the surface decarburization occurring 
during the heating to 1700 F was sufficient to decom- 
pose the primary cementite. This is further visual 
evidence that during the heating from 1500 F to 
1700 F and for an hour or two thereafter the rate of 
carbon loss to the atmosphere is at its peak. After one 
or two hours the atmosphere is in contact with a .35 
carbon iron, not 2.35 carbon as was the case when 
heating began. 

In studying Test No. 50 photomicrographs, the in- 
tensity of the decarburization in these samples con- 
trasts with Test No. 10 structures. After only 3 hr 
at 1700F the atmosphere is in contact with an almost 
carbon-free alloy, to which carbon is supplied by out- 
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No. 54 


structural changes in rim at various stages of anneal. Mag. 


—150x. 


ward diffusion from the core. While throughout the 
series there appears to be a smooth and progressive 
increase in decarburization intensity from Sample 
No. 51 to Sample No 5.9, total decarburization pene- 
tration reached a maximum depth at No. 54 and re- 
mained constant thereafter. After the fast cool started, 
No. 56 showed some tendency for outward diffusion 
of carbon. Beyond this point and after this migra- 
tory carbon had been removed, the ferrite surface 
layer became inert to further carbon transfer. This 
inertia coincides with the cooling through the criti- 
cal range and emphasizes the relative inactivity of 
alpha iron compared to gamma iron. 

The tendency to develop high measured elonga- 
tion values in un-machined test bars appears to be 
closely related to the depth of the ferrite layer at the 
surface of the rim. In making the tensile test, frac- 
turing first takes place at the surface and moves pro- 
gressively in to the center of the bar. If the surface 
layer is pearlite, it is the ductility of this constituent 
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Fig. 13B—Edge of No. 50 test samples (charcoal and 
purge to 2/1 to 3/1 CO/CO, ratio) showing progressive 


which determines the point at which incipient frac- 
ture of the bar takes place. Since ferrite has a much 
higher elongation than pearlite, incipient fracture 
will be delayed (in comparison to a pearlitic sur- 
face), until this constituent has been strained beyond 
its ultimate strength. In the process it will have de- 
formed to a much greater extent than the pearlitic 
band would permit before fracture. As a result an 
unmachined test bar having a reasonable (e.g. .010 
in.) surface layer of ferrite is more apt to develop a 
measured elongation comparable to the machined 
bar than is the unmachined bar having a pearlite 
band at the surface. 

Since nodules continue to develop as the anneal- 
ing cycle progresses, and since nodule count drops 
in the rim areas during the fast cool and slow cool 
phases, a definite relationship appears to exist be- 
tween nodule disintegration and a decarburizing at- 
mosphere. In Fig. 6 the Test No. 10 curve (no 
purge) showed no drop in nodule count of the core 
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at any time, and a drop in rim nodule count only as 
the fast cool started and the atmosphere became more 
decarburizing. In the other tests a drop in rim and 
core nodule count is coincident with air purging of 
the prevailing atmosphere, a definite decarburizing 
action. 

Cause of Pearlite Rim: The question of “what 
causes pearlitic rim’’ now finds simple explanation. 
When the surface de-nodulization rate is in “balance” 
with the surface decarburization rate, a fully ferritic 
rim with no pearlitic band will result. The surface 
layer will be devoid of temper carbon. Under this 
rim will be the ferritic matrix with a progressively 
increasing number of carbon nodules toward the core. 
When the denodulization rate exceeds the decarburi- 
zation rate, thus upsetting the “balance”, a pearlitic 
rim will be produced either at the surface or under a 
ferritic surface layer. As denodulization occurs, the 
inter-nodular distance is. extended and there is no 
compensating change in the carbon diffusion rate to 
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insure all of the carbon being able to migrate to a 
nodule before the lower critical temperature is 
reached. Carbon atoms isolated between nodules as 
the temperature drops below the lower critical temp- 
erature appear as pearlite on cooling to room temp- 
erature. 

Previous reference has been made to the decline 
in physical properties of the bars which were inserted 
into the furnace at 1700F. The core structure of Bar 
No. 49 showed some isolated patches of pearlite in an 
otherwise ferritic matrix, while bars No. 39 and No. 
59 showed considerably more pearlite in the center 
of the bar. This is another manifestation of the in- 
ability of the low nodule count structure to fully 
graphitize in a normal annealing cycle. 

In the atmosphere hardening of high carbon tool 
steel it has long been known that if a neutral or car- 
burizing atmosphere is not available, less decarburiza- 
tion will occur if the piece is treated in a slightly 
oxidizing atmosphere (1 - 2 pct O,) than if an oxygen 
free “reducing” (5 - 10 pct CO) atmosphere is used. 
The light oxidized skin of the piece hardened in the 
former atmosphere will inhibit decarburization to 
the depth which will occur using the latter atmos- 
phere. That this seems to occur in annealing white 
cast iron is born out by the data shown in Fig. 5. The 
rapid elimination of oxygen from Test No. 50 atmos- 
phere promoted early decarburization and inhibited 
the formation of an oxide barrier. 


Time of First Stage Anneal: Study of the micro- 
structures reveals that for iron of the analysis studied, 
sections of test bar size (34 in. on the grip end) com- 
plete first stage graphitization in about 314 hr at 
1700-1740 F. This is illustrated in Figs. 14 and 15. 
Figure 14 shows only small fragmentary islands of 
primary cementite after 3 hr at 1700 F. Figure 15 


Fig. 14—Center of test bar No. 42 showing small particles 
of cementite indicating incomplete first stage anneal in 
3 hr at 1700 F. Mag.—500x. 


shows that that carbide breakdown is complete afte: 
5 hr. Back interpolation brings us to the 314 h: 
figure. 

Conclusions 

1. Within the limits of the analyses of the atmos 
pheres developed, no evidence was produced that at 
mospheres of the type investigated can entirely sup 
press decarburization. Even in the presence of the 
60 pct CO gas developed in Test No. 10 between the 
13th and 21st hours, the penetration of the decarbur 
izing effect was not diminished. It can only be con 
cluded that for commercial operation and within the 
chemical limits of the field investigated, decarburiza- 
tion is an inevitable phenomenon. 

2. Evolution of carbon from the iron itself during 
the annealing process, and particularly during the 
heating from the critical temperature to the high 
temperature soak, is so great as to be the dominant 
reason why prepared generator atmospheres are up- 
set when used in large commercial atmosphere anneal- 
ing furnaces. 

3. The annealing atmosphere resulting from oxi- 
dation of the carbon in the iron itself may be safely 
combined with additions of air to produce an atmos- 
phere having a ratio of approximately 2/1 to 3/1 
CO/CO,. This atmosphere when properly handled 
is capable of maintaining satisfactory rim control for 
the iron investigated. 

4. Nodule formation and elimination play a sig- 
nificant role in determining the depth and character 
of the resulting rim. Skillful control of this phase, 
and the decarburizing rate in annealing, is the key 
to the control of rim. 

5. Rate of heating directly affects nodule formation 
and through this medium has a dominant effect on 
determination of an adequate minimum annealing 
cycle. 


a 
> 2s 
A 





Fig. 15—Center of test bar No. 13 showing complete solu- 
tion of primary cementite in 5 hr at 1700 F. Mag.—500x. 
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Chairman: W. D. McMuttan, International Harvester Co., 
McCormick Works, Chicago. 

Co-Chairman: J. E. Dvorak, Eberhardt Mfg. Div., Eastern 
Malleable Iron Co., Cleveland. 

H. A. Scuwartz (Written Discussion):? It may not be out of 
place in connection with the work of these authors, to point 
out again that the low carbon rim on -he malleable casting 
is not altogether due to decarburization in anneal, but also, 
at least in part, to the process of selective freezing. This was 
illustrated by Fig. 11 of “Solidification of Metals” by this 
writer in vol. 53, p. 7, Transactions, AFS (1945). 

The low carbon area varies in thickness to the freezing rate 
of the casting, increasing as the time to freeze increases. In 
114-in. slabs the area affected by selective freezing may be 0.04 
or 0.05 in. thick. 

MILTON TiLLEY (Written Discussion):* Messrs. Bryce, Her- 
nandez and Rote have executed a valuable piece of work on a 
subject that has been more or less neglected in the past. It is 
particularly valuable to the shop operator because the work 
was done under operating conditions. Conclusions 1, 2, 3 and 5 
are valid and have been checked by others. 

Conclusion 4 is well taken except where “elimination” of 
nodules is referred to. If the authors mean to convey the 
idea that nodules may be formed and then removed, I would 
question the validity of that statement. 

The authors have neglected to mention the fact, as reported 
by Dr. H. A. Schwartz, that this type of metal as cast freezes 
differentially as to carbon in the first freezing metal at the edge 
of the casting. Schwartz has demonstrated that the first few 
thousandths inches freezes with about 1.00 per cent carbon 
and the succeeding layers increase up to that of the parent 
metal. This, he argues, is the reason that annealing in a re- 
ducing atmosphere a thin layer of pearlite remains at the 
extreme outside edge with resulting poor physical properties. 

In my opinion the most valuable part of the paper points 
out that the best physical properties are attained by a decar- 
burizing atmosphere rather than an oxidizing one. 

CHAIRMAN MCMILLAN (Written Discussion): I will digress 
long enough to mention that the operation of atmosphere an- 
nealing furnaces involves a little bit of dry chemistry—gas— 
solid and inter gas reactions. These are every bit as real and 
specific as reactions of wet chemistry and can be counted on 
to give predictable and understandable results. Also, that 
after a few months of minor adjustments, the control of the 
furnace atmosphere becomes a relatively simple matter. 

Since the first atmosphere type annealing furnaces were 
installed, probably not over 20 years ago, there have been 
marked improvements in burner design, furnace construction, 
operating mechanism and in the conception of the “protective” 
atmosphere. The first atmospheres were to “prevent scaling” 
and considered somewhat of an achievement. The improve- 
ments, while probably not as dramatic as jet engines and 
atomic power, are none the less real and have brought this 
type of equipment into justifiable favor. 

As this paper states, “the applications for steel are well un- 
derstood.” The significant differences between the treatment 
of steel and of hard iron are due to the higher carbon and 
higher silicon of the hard iron, the longer time at temperature 
and the range of temperature used in a single cycle or treat- 
ment of the hard iron. The last point may be the most trou- 
blesome because the one atmosphere must perform over a 
wide range of temperature from 1300 F to 1700 F and back to 
1300 F. For these reasons the steel application can be consid- 
ered only in principle and not expected to operate without 
modifications. It is a little difficult to conceive of an atmos- 
phere with sufficient carbon pressure to hold back 2.50 pe 
cent carbon in the face of 1.00 to 1.50 per cent silicon in the 
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metal which is busily rejecting carbon. 

The first conclusion in this paper qualifies the statement 
that decarburization is an inevitable phenomenon by confining 
it to the chemical. limits of the field investigated. From the 
writer’s experience, it appears that decarburization is unavoid- 
able under any of the conditions that obtain in the field of 
malleable annealing. 

While decarburization is unavoidable, it is not undesirable. 
It should be controlled both with respect to degree and to rate. 

This paper is a fine contribution and the writer has no 
quarrel with the conclusions. However, in the second con 
clusion, it is stated that prepared atmospheres are “upset.” 
This is certainly true if this means “altered.” Because of the 
generation of CO in the furnace an increase in CO is unavoid- 
able. This increase need not upset the composition to the 
point that the atmosphere is ineffective or detrimental. By 
changing the rate of flow of the prepared atmosphere, the 
CO content may be varied over a wide range. The CO con- 
tent may be brought to a suitable ratio with CO, by the intro- 
duction of the prepared atmosphere. This practice operates 
in somewhat the same manner as the introduction of air. With 
the introduction of a prepared atmosphere the CO content 
is lowered by dilution while it is lowered by burning the CO 
to CO, by the introduction of air. 

Fortunately, and possibly by chemical or by design, the at- 
mosphere in a continuous furnace is treated to breath fresh 
air when the furnace is opened for charging and discharging. 
This to a slight extent has the effect of a purge. 

With regard to the rate of heating (Conclusion 5) and the 
effect on nodule size and shape, there should be a decrease in 
the heating rate from 1500 to 1700 F as compared to rate up 
to 1500 F. This difference in rate usually obtains in commer- 
cial furnaces because of the limitations of the amount of gas 
that is usually burned in tubes that are in a high tempera- 
ture environment. 

From the standpoint of machining, surface conditions are 
probably more important than the degree of anneal in the 
body of the casting. A little scattered pearlite throughout will 
have little effect on tooi life or machining rate. However, a 
casting showing a fully annealed structure but with a pearlitic 
rim of appreciable depth and density will give real trouble. 

Mr. Bryce (Written reply to Messrs. Schwartz and McMillan): 
Dr. Schwartz’s point that lower carbon metal exists in the 
surface layers of white cast iron is well substantiated. In this 
paper we are considering only the %4-in. round section of a 
standard test bar, and our observations on this section of 
white cast iron of our analys' show that this low carbon 
area rarely exceeds 0.010 in. in depth. This consideration 
therefore, would not seem to have significant bearing on our 
test results since the decarburization effect due to atmosphere 
would equal or exceed this 0.010 in. depth before the com- 
pletion of first stage anneal. In the case of heavier section 
castings, longer first stage holding times than 314 hr would of 
course be necessary. Extended periods at temperatures of 1700 
F or higher give considerable opportunity for carbon diffusion. 
Studies of diffusion rates of carbon in steel at 1700 F incline 
us to believe that this phenomenon would obscure the effects 
of low carbon white iron rim. 

Mr. McMillan has directed attention to a phase of the 
atmosphere problem almost invariably underestimated. That 
is, maintaining an atmosphere of uniform chemical composi- 
tion which will meet all requirements within the wide tem- 
perature range of 1300 F to 1700 F. Differences in CO/CO, 
equilibria and diffusion rates within these temperature ranges 
are considerable and result in the “upset” referred to in the 
conclusions. Our use of the word upset does mean “altered.” 

We have observed the edge conditions of white iron treated 
in salt baths through the first stage of anneal. Some of these 
samples showed no apparent drop in carbon concentration at 
the surface of the specimens. We can visualize conditions 
under which full annealing could be accomplished without 
any drop in surface carbon of the piece, but such methods do 
not appear commercial at the present time. Of course as Dr. 
Schwartz has mentioned, there is a carbon gradient from edge 
to center of a white iron casting, and it is doubtful that it 
could be maintained during salt bath annealing because of 
natural diffusion reactions. 


1 Manager of Research, National Malleable & Steel Castings Co., Cleve- 


nd. 
2 Metallurgist, National Malleable & Steel Castings Co., Cleveland. 








FEEDING RANGE OF JOINED SECTIONS 


E. T. Myskowski,* H. F. Bishop* and W. S. Pellini+ 


ABSTRACT 


Joined cast steel plate sections of various thicknesses and 
lengths were investigated to determine the distances which 
could be fed to soundness. The intereffects of sections of differ- 
ent thickness were evaluated from the known feeding distance of 
sections cast separately. It was established that the mutual effects 
of joined dissimilar sections is, in most cases, one of reducing 
the feeding distance in the larger section and increasing the 
feeding distance in the smaller section beyond that obtainable 
in the same sections cast separately. However, very large or very 
small thickness differences cause these respective effects to be 
reversed, 

Thermal analysis studies were conducted to establish the 
nature of the solidification conditions which determine the 
observed effects on feeding distance. 


Introduction 


It has been shown! that the maximum distance 
which a uniform plate section can be fed to complete 
soundness by a single riser is equal to 414 times the 
casting thickness. Of this distance a length equal to 
two times the plate thickness adjacent to the riser is 
rendered sound as a result of thermal gradients pro- 
duced by the heating effect of the riser while the re- 
maining 214 times the plate thickness is made sound 
as a result of gradients developed by the chilling 
effect of the large volume of sand at the casting ex- 
tremity. The application of chills to the casting 
edge? increases the feeding distance by approximately 
2 in. irrespective of plate thickness (in range of 1- 
in. to 4-in. plates). The increase is due to a faster 
solidification rate developed by the casting edge when 
in contact with the chill. The effect of the chill is 
not pronounced, inasmuch as a major portion of the 
heat extracted by the chill following the formation 
of a solid skin at the end surface represents continued 
cooling of the already solid metal and accordingly 
does not contribute to directional solidification. Fig- 
ure 1 provides a schematic illustration of these rela- 
tionships. 

It should be expected that the above relationships 
evolved for separately cast plates would be modified 
in castings representing a series of sections of vari- 
ous thicknesses. In such cases the feeding distance of 
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each individual section should be influenced by the 
adjoining sections. Consideration of the relation 
ships presented in Fig. 1 suggests that heavier sec 
tions should act as risers to the thinner sections and 
that the thinner sections should act to partially de- 
stroy the effects of the thick section casting edge. I! 
the thin section is very thin compared to the thick 
section it may be visualized that the converse would 
be true, i.e., the thin section should act as a radiator 
and serve as an added chill. However, this effect 
should never be pronounced since at most the thin 
section could approach the effect of a chill (2 in.) 
added feeding distance as determined previously. 
These highly practical questions regarding the in- 
tereffects of sections of various thicknesses have re- 
mained a matter of conjecture, since even qualitative 
data have not been available. The present report 
represents an extension of the previous basic work 
on the feeding range of simple sections to the prob- 
lem of joined sections. Plate sections of various thick- 
nesses and lengths were investigated to evolve formu- 
las for calculation of the extent of soundness of a 
given combination of joined sections. In addition, 
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Fig. 1—Contribution of riser and casting edge to maxi- 
mum distance which can be fed to soundness in uniform 
plates. 
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TABLE I—-SUMMARY OF TESTS ON 


SINGLE JOINTS 
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Heavy Heavy Light Light 
Section, Section, Section, Section, Joint Soundness 
T, in. L, in. T, in. L, in. Location Heavy ~_ Light D,* D,* D,* 
FR 70 2 8 1 54 Edge Shrink OK 7.3 7.5 7 
88 * 7% ‘- 81, " = Shrink 
72 7 6%, OK OK 
76 7 7% OK OK 
44 7 7% OK Shrink 
44 7 7% Center OK 7 
48 8 7 Edge Shrink OK 
2 3 131% ] 414, Center Shrink OK 10.5 10.5 10.5 
72 11% 6% Edge 4 
76 101% 7Vs . OK 
88 101% 814 ? 
94 104% 91% 
js 1 1014 101% Center Shrink 
] 91% 101% Center 5s OK 
106 1014 12 iy Shrink Shrink 
106 101% 12 Edge " - 
47 10, 91 Center OK 
js 8 3 1014 2 1014 Center Shrink OK 7.75 7.5 10.5 
7 91% 12 ¥ 5 Shrink 
10 7 1014 OK OK 
12 8 1014 Shrink Shrink 
16 8 91%, OK OK 
48 8 101, Edge OK OK 
FR 107 4 16 ] 12 Center Shrink OK 13.7 13.5 14 
107 is 16 a 12 Edge ‘4 3 
js 2 4 14 1 14 Edge Shrink OK 
2 % 14 “ 14 Center ey > 
1] 14 15 Edge Shrink 
11 14 15 Center “4 
5 13 16 Edge OK 
46 13 14 Edge ra 
46 I4 13 Center Shrink OK 
js 3 4 14 2 l4 Center Shrink Shrink 10 10.5 14 
7 12 ” 16 ” ” ~ 
9 10 14 " 
FR 108 a 10 2% 10 OK OK 
JS 45 ° 10 ° 13 Edge ° " 
45 10 13 Center 3 
Ss 4 4 14 3 14 Center Shrink Shrink 7.3 7.5 14 
6 = 12 14 Edge i m 
8 10 13 ~ OK 
12 z 7% 35 14 s Shrink 
12 * 7% “* 13 OK OK 
*Calculated by respective formulas (2) (3) (1) 





thermal studies were conducted to determine the 
nature of the solidification conditions in order to 
add to the present limited understanding of the in- 
terrelated mechanism of solidification and feeding. 


Experimental Techniques 


Casting soundness was evaluated by radiography of 
longitudinal strips, 1 in. thick, removed from the 
center of the castings. In selected cases thermal analy- 
sis studies were made using techniques described in 
the earlier reports.’*-* All castings were poured at 
2960 F + 20 F with induction melted steel contain- 
ing .25-.35 per cent carbon, .50-.80 per cent man- 
ganese, and .30-.50 per cent silicon. Final deoxida- 
tion was accomplished by the addition of .10 per 
cent aluminum to the ladle. 

Plate sections of 1, 2, 3 and 4-in. thicknesses were 
joined together as illustrated in Fig. 2 and the length 
of each component of the casting was systematically 
varied in l-in. steps to determine the maximum 
which could be made sound. It was established dur- 
ing the early stages of the investigation that whether 
the small plate was joined at the center of the ex- 


tremity of the large plate, Fig. 2A, or at the edge, 


Fig. 2B, the degree of soundness in both plates was 
the same, so for ease of molding the majority of sub- 
sequent joints were made as illustrated in Fig. 2B. 
Single joint sections involving two plates were first 
studied in the various combinations possible with the 
four different thicknesses; then double and triple 
joints, Fig. 2C and 2D, involving three and four plate 
combinations were investigated. In all cases the plates 
were joined in order of decreasing thickness so that 
conditions were favorable for directional solidifica- 
tion and only one riser at the heaviest section was 
required for feeding. The test castings were made 
in width equal to five times the thickness of the 
heaviest section (to ensure a condition of a “true” 
plate') and were gated thru the risers. Riser diam- 
eters were made equal to three times the maximum 
section thickness and riser heights were at least 114 
times the riser diameters. Such risers are adequate 
to prevent under-riser shrinkage and, as shown pre- 
viously,! are fully effective in promoting feeding of 
the sections; increasing the size of the risers does not 
result in increased feeding distance. 
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Fig. 2—Method of joining plate sections. 


Single Joint Systems 


A summary of the tests made on combinations of 
two sections are listed in Table 1. It is observed that 
the maximum feeding distance of the smaller or 
“parasite” plates of a given thickness increases as the 
thickness of the larger or “parent” plate is increased. 
For example, a l-in. plate attached to a 2-in. plate 
can be made sound for a distance of 714 in. but 
when it is attached to a 4-in. plate it can be made 
sound for a distance of approximately 13 in. Fur- 
thermore the feeding distance in all parasite plates, 
regardless of their thickness, is essentially constant 
when joined to a parent plate of a given thickness 
(and sufficient length) as is shown by the fact that 
the 1, 2 and 3-in. plates joined to 4-in, plates are all 
made sound for a distance of approximately 13 in. 
From the data pertaining to the thinner of two 
joined sections, Table 1 and Fig. 3, the following 
formula has been derived to calculate feeding dis- 
tances in such sections: 

ee rere ee (1) 
Where D, = Feeding distance in light section, in. 
T, = Thickness of heavy section, in. 
It is apparent that the increased feeding distance ob- 
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Fig. 3—Illustrating that feeding distance of parasite plates 
is determined by thickness of parent plates. 
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is decreased with increased thickness of parasite plate. 
Fig. 4—Illustrating that feeding distance of parent plate 
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tained in light sections when joined to sections of TABLE 2—VALUEs OF .707" 
considerably greater thickness is very large, as de- 1 0.7077 
noted by the following summary of data abstracted anal ae reais sp iacticle 
from Table 1. “4 ‘92 
FEEDING DIsTANCEs, IN. 7 ~ 
Joinedto Joinedto Joined to ; 4 
: Plate Cast Singly* 2 in. 3 in. 4 in. Iv, 59 
l 414, i, 101% 14 134 55 
2 9 1014 13 ~ 50 
3 1314 13 214 46 
4 18 2% 42 
*From formula D — 414T 24 39 
3 35 
The increased feeding distance obtained in the ty, = 
lighter section is countered in part by a decrease in 33, 97 
the feeding distance of the heavier section, Table 1, 4 25 
Fig. 4. It is noted, for example, that as the thickness 
of the parasite plate attached to a 4-in. section is in- maximum of | in, over that which is possible when 
creased from 1 to 2 to 3 in., the feeding distance in it is cast separately (calculated by formula D = 
the 4-in. section decreases in turn from 13 to 10 to 114 T). Formula (3) indicates that parasite plates 
74 in. The following empirical formula defines the exert such a chilling effect on the parent plate only 
feeding distance of heavy sections: when the parent plate thickness is below 3 in. Since 
a | ae eS (2) there is no apparent physical reason why plates over 
Where D,, = Feeding distance in heavy section, in. 3 in. in thickness should react differently to parasite 
T,, = Thickness of heavy section, in. plates than those below 3 in. it is concluded that the 
T, = Thickness of light section, in. range of applicability of formula (3) is restricted to 
While this formula is somewhat unwieldy for rapid the particular thicknesses investigated. Formula (2) 
calculations due to the exponential factor, it fits the should be used for extension of the data to plates 
measured data accurately, as can be noted by the cal- of heavier thickness. 


culations presented in Table 1. To aid in the use 
of this formula, values for .707": over the range of 14 
to 4-in. sections are listed in Table 2. The condition of soundness observed in castings 
A simpler formula which is more suitable for prac- comprised of three and four plates of dissimilar 
tical usage and accurate over the thickness range of lengths and thicknesses are listed in Table 3. As is 
| to 4 in. is: to be expected, the largest and the smallest plate in 
Di =38 (Ty — Ta) + 45 2. ccccccsecce (3) each series behave as noted for the single joint com- 

(2) predicts that, irrespective of plate binations; the feeding distances in each case are de- 
termined by the thickness of the adjacent plates. The 

feeding distance in intermediate plates, which act 
as both a parent and a parasite plate, is governed by 


Multiple Joint Systems 


Formula 
thickness, a sufficiently thin parasite plate will exert 
a chilling effect upon the parent plate to cause feed- 
ing distance in the parent plate to be increased by a 


Tas_e 3—SUMMARY OF TESTS ON MULTIPLE JOINTS 





Section Section 


rhicknesses, Lengths, Section Section Secticn Section Calculated Lengths 
in. in. l 2 3 4 Section 2 Section 3 

JS-19 3-2-1 8-81/4-7 OK OK OK 914, 
JS-22 3-2-1 9-914-7 OK OK OK 
JS-22 3-2-1 8-1014-7 OK Shrink OK 
JS-43-2 3-2-1 9-814-8 Shrink OK OK 
JS-24 4-3-1 714-13-914 OK OK OK 13 

431 4-3-1 814-14-1314 Shrink Shrink OK 

431A 4-3-1 7-14-94 OK Shrink OK 
JS-24 4-3-2 7144-13-94 OK Shrink OK 12 
JS-27 4-3-2 714-12-9/% OK OK OK 
JS-47-1 4-3-2 814,-12-1014 Shrink Shrink OK 
JS-44 4-2-] 7-12-7 OK OK OK 
JS-44-1 4-2-1 714-13-7 OK Shrink OK 13 
JS-44-2 4-2-1 71%-14-7 OK Shrink OK 
Js-31 $-3-2-1 71y-12-9-7 OK OK OK OK 12 9%, 
JS-43-1 4-3-2-1 814-12-1014-8 Shrink OK Shrink Shrink 
JS-45-1 2-1-1 6-5-5 OK OK OK 6 
]S-49-2 2-11%-1 6-7-5 OK Shrink OK 
JS-49-3 2-114-1 6-6-5 OK OK OK 
JS-50-1 3-214-2 6-914-7 Shrink Shrink OK 614 
]S-50-2 3-214-2 6-814-7 Shrink Shrink OK 
]S-50-3 3-214-2 6-714-7 Shrink Shrink OK 


JS-51 3-21/4-2 6-614-7 OK OK OK 
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Fig. 5—Illustrating that feeding distance of intermediate 
sections is determined by thickness of adjoining sections. 


the resultant effect of the respective parent plate 
which tends to increase feeding distance, and of the 
respective parasite plate which tends to reduce feed- 
ing distance. As the result the feeding distance of a 
plate at an intermediate position falls between the 
values obtained when located at the riser or at the 
casting edge extremities of a casting. 

From the data of Table 3 and Fig. 5 the following 
empirical formula was derived for the feeding dis- 
tance of intermediate plate sections: 

Ae een (4) 

D,, = Feeding distance in intermediate sec- 
tions, in, 

T, = Thickness of parent plate, in. 

T, = Thickness of parasite plate, in. 
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Fig. 6—Critical lengths of members of joined systems. 
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Fig. 7—Schematic drawings of effect of joining plate “A” 
to thicker section “B” and to thinner section “C.” 


The summary data obtained for both single and 
multiple joint sections are presented in Fig. 6 as 
sketches of the various combinations of joints possible 
with the four plate sizes studied; the maximum feed- 
ing distances are indicated for each section. 


General Discussion 


The maximum feeding distances in the parasite 
plates are as great as, or exceed, those which are ob- 
tained when the plates are cast separately and fed 
with conventional risers. This improvement, in the 
case of the 4 to | in. thickness combinations, where 
the T),/T, ratio is 4, amounts to approximately 200 
per cent (41% in. to 14 in.). As the T,,/T, ratio de- 
creases the improvement in feeding distance decreases 
until in the case of the 4 to 3 in. combination the 
maximum feeding distance in the 3-in. section is es- 
sentially the same as that obtained in separately cast 
3-in. section. According to the formula D, = 3.5 Ty 
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Fig. 8—Thermal gradients in solidifying 1-in. thick plates 
when fed by conventional riser (left) and 3-in. thick 
parent plate (right). 
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the feeding distances in the lighter sections should 
exceed the 414 T obtainable in separately cast plates 
when the T,,/T, ratio exceeds 1.4, which is approxi- 
mately that existing in the 4 to 3 plate combination. 
Thus when T,,/T, exceeds 1.4 the parent plate is 
more effective in promoting feeding of the parasite 
plate than a conventional round riser associated with 
a single plate of the thickness of the parasite. This 
is ascribed to the more pronounced thermal effects 
(heating pad effect of the hot sand) produced in the 
parasite plate by the re-entrant angle which is con- 
tinuous along the plate width in the case of the 
joined sections. In the case of the round riser the 
re-entrant angle is limited to the small contact area, 
and is moreover of lesser intensity even over this 
smaller area due to lateral heat loss into cold sand. 
Figure 7 provides a schematic illustration of the heat 
flow conditions related to the modifications of feed- 
ing distances which have been described. 

Figure 8 presents thermal data of the gradients 
which are developed in a separately cast l-in. thick 
plate and the same plate joined to a 3-in. thick plate 
section. It is apparent that the greater heat concen- 
tration at the re-entrant corner of the joined plates 
is reflected in the development of the more exten- 
sive thermal gradients required to increase feeding 
distances. 

As the T,,/T, ratio becomes less than 1.4 the ef- 
fectiveness of the re-entrant angle in promoting more 
extensive thermal gradients is decreased and the feed- 
ing distance in the light section falls below 414T. 
There is, at the same time, a simultaneous decrease 
in the feeding distance in the parent plate and as 
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two plate sections approach a common thickness 


T,/T; = 1, the sum of the two feeding distances 
approaches 414T; i.e., the value of a separately cast 
plate. 


In cases where the T,,/T, ratio is above 1.4, the 
thermal effect on “thermal taper” developed within 
a parasite plate by a given height of step at the re- 
entrant angle is essentially as effective in promoting 
soundness as is a like amount of actual taper on the 
parasite casting. Figure 9 presents the feeding dis- 
tances possible in a l-in. thick parasite plate joined 
to parent plates of 1, 2 and 3 in. greater thickness. 
On the same curve are plotted data obtained by 
Brinson and Duma‘ showing the feeding distances 
possible in l-in. sections when the taper added to the 
sections is equivalent to steps of 1, 2 and 3 in. Agree- 
ment is very close except for the case of the most ex- 
treme height of step and taper. 

Within the thickness limits studied, the parasite 
plate always acts to decrease the end effect of the 
parent plate with the result that the feeding distance 
of the parent plate is always less than the 414 T 
which could be obtained in a separately cast plate. 
However, according to the formula D, = (4.5 Ty, X 
.7077:) + 1 it is deduced that if the parasite plate is 
made sufficiently thin it should act as a chill and 
revert to increasing the feeding distance in the par- 
ent plate; a maximum increase of | in. is predicted 
as the parasite plate thickness approaches zero. For 
example, this formula indicates that such a chilling 
effect will be exerted on a 3-in. thick parent plate 
when its parasite plate is less than 14 in. thick. While 
such a small chill effect is difficult to demonstrate by 
radiographic determination of soundness since it lies 
within the range of reproducibility of the test data, 
it may be shown by thermal analysis studies. Such 
studies were made on four 3-in. thick plates molded 
in one flask and gated thru a common sprue to elim- 
inate metal and temperature variables. One plate 
was cast separately and to the others were attached 
parasite plates having thicknesses of 1, 4, and 1% in. 
Thermocouples were located in the 3-in. thick plates 
zt distances of 3, 5 and 7 in. from the joint positions. 
The gradients developed in each of these castings at 
various times after pouring are shown in Fig. 10; the 
progression of the “end of freeze” point (i.e., the 
times at which various points along the centerline of 
the casting cool below the solidus temperature) from 
the end of parent casting are shown in Fig. Il. It 
can be noted, Fig. 10, that gradients are definitely 
steepened by the presence of the 14-in. thick parasite 
plate which is reflected in a significant increase in the 
rate of progression of solidification, Fig. 11. These 
effects are similar, though to a lesser degree, to those 
observed in previous studies of chills.? 


Conclusions 


1. The feeding distances of single (separately cast) 
plates are modified greatly by the addition of thicker 
(parent) or thinner (parasite) plates. In a series of 
plates of progressively smaller thicknesses the inter- 
mediate plates behave both as parent and parasite 
types to the two adjoining plates, resulting in fur- 
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Fig. 10—Thermal gradients produced in 3-in. thick parent 


ther modification of feeding distances for the inter- 
mediate plates. 

2. Parasite plates located at the casting end (strict- 
ly parasite types) can be fed for a distance which is 
proportional to the thickness T,, of their adjoining 
parent plates. The feeding distance (D,) is expressed 
by the empirical formula (1) D, = 3.5 Ty. 

3. Parent plates located next to the riser (strictly 
parent types) can be fed to soundness for a distance 
which is inversely proportional to the thickness (T,) 
of their adjoining parasite plates. The feeding dis- 
tance (D,) of the parent plate is expressed by the 
empirical formulae: 

(2) D, = (4.5 T, X -707 7) + 1 in. 
(3) D, = 3 (T, — T,) + 4.5 in. (limited 
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Fig. 11—Progression of “end of freeze” waves from cold 
end of 3-in. thick castings when separately cast and when 
attached to parasite plates of various thicknesses. 


plates attached to parasite plates of thicknesses indicated. 


t. Intermediate plates which serve a dual function 
of parent and parasite plates can be fed for a dis- 
tance which is determined by the thickness of the 
adjoining plates (T,, and T,). The feeding distance 
(D,,) of intermediate plates is expressed by the em- 
pirical formula (4) D,, = 3.5 T, — Ty. 

5. The mutual effect of joined dissimilar sections 
is, in most cases, one of reducing feeding distance in 
the larger section and increasing feeding distance in 
the small section beyond the 414T obtainable in the 
same sections when cast separately. However, very 
large or very small thickness differences cause these 
respective effects to be reversed. A T,/T, ratio of 
15 or greater will cause the parasite plate to act as a 
mild chill upon its parent plate and increase feeding 
distance (very slight effect, however) in the parent 
plate to above 414 T; a T,,/T, ratio of 1.4 or less 
will minimize the heating effect of the parent plate 
upon its parasite plate and decrease feeding distance 
in the parasite plate to below 414 T. 


Bibliography 

1. H. F. Bishop and W. S. Pellini, “The Contribution of 
Riser and Chill Edge Effects to the Soundness of Cast Steel 
Plates,” Transactions, A.F.S., vol. 58, pp. 185-197 (1950). 

2. E. T. Myskowski, H. F. Bishop and W. S. Pellini, “Appli- 
cation of Chills to Increasing the Feeding Range of Risers,” 
TRANSACTIONS, A.F.S., vol. 60, pp. 389-400 (1952). 

3. H. F. Bishop, E. T. Myskowski and W. S. Pellini, “The 
Contribution of Riser and End Effects to the Soundness of Cast 
Steel Bars,” TRANSACTIONS, A.F.S., vol. 59, pp. 171-180 (1951). 

4. §. W. Brinson and J. A. Duma, “Studies on Center-line 
Shrinkage in Steel Castings,” TRANsactions, A.F.S., vol. 50, pp. 
657-765 (1942). 








FACTORS 
PRELIMINARY 


By 


INVOLVED IN MAKING A SAND MIXTURE 
STUDY NO. 


i 


D. F. Baker** and D. C. Williams} 


ABSTRACT 

The text of this work deals with the preparation of foundry 
sand mixtures, the evaluation of the sand mixtures in terms of 
their mechanical properties, and the distribution of the con- 
stituents in the sand mixture. The objective of the work was 
to explore the possibility of relating the development of green 
compressive strength in the sand mixture to the energy required 
to turn the mixer during the process of mixing. 

The experimental apparatus consisted of a ribbon-type mixer 
driven through a variable speed drive by an electric motor. 
The energy requirement of the driving motor was measured 
with a recording wattmeter. 

Initial tests with clay-and-water mixtures revealed that there 
was, in this particular mixer, a variation in the mixing action, 
distribution of the materials. and energy requirement due to 
the tendency of the materials to adhere to the sides and blades 
of the mixer. The addition of water to the sand mixture was 
found to cause a significant increase in the energy required 
to turn the mixer. 

Subsequent tesis using sand, water 
that water additions to sand alone cause significant increases in 
energy requirement, but that kerosene additions to sand alone 
cause practically no increase in energy requirement and that 
the presence of one pct kerosene in a sand-water mixture effec- 
tively inhibits the increase in energy requirement that would 
otherwise occur as the result of the presence of the water. 


and kerosene revealed 


Introduction 


The general area of this study has to do with the 
preparation of sands as used in the foundry industry. 
In recent years compounded sand mixtures are re- 
placing to a considerable extent the naturally- 
bonded sand mixtures. In many cases the naturally- 
bonded sands were mixed by the forces of nature, and 
the variations in the ratio of the sand, clay-mineral, 
and organic material as mined were accepted. With 
the exhaustion of suitable deposits of naturally- 
bonded sand mixtures, and because of the need in the 
automotive industry for large quantities of molding 
sand of uniform properties, the compounded sand 
mixtures were developed. 

In general, the selection of the sands and clay-min- 
erals used in foundry sands has been done empiric- 
ally, and the blending or mixing of these materials 


*Taken from a thesis submitted in partial fulfillment of the 
requirements for a degree of Master of Science, Ohio State 
University, June 1952. . 

**Graduate student, Ohio State University. 

+Associate Professor, in charge of Foundry Area, Department 
of Industrial Engineering, Ohio State University. 
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has been a significant and unsolved problem of the 
operation. The industry is using compounded sand 
mixtures successfully, but there are many variations 
between the individual plants in the proportions of 
the clay, water, sand, the order of addition, the type 
of mixing equipment, time of mixing, etc. The cri- 
teria used for evaluating the sand mixture for con- 
trol purposes vary from the traditional “feel test” to 
the more elaborate tests for green, dry, and hot com- 
pressive strength, flowability and permeability. There 
are so many indeterminate factors involved in the 
bonding action of the sand, clay-mineral and water 
mixtures that we have been forced to develop tests 
that supposedly simulate mold conditions in order 
to evaluate the molding sands. Most significant is 
the fact that all compounded sand mixtures and core 
sands must be mixed or prepared. 


Many Mixing Problems 


Mixing is a common operation in a great many 
processes, and in the mixing of foundry sands there 
are many questions for which we do not have answers, 
We do not know how the relatively small amounts of 
water and clay-mineral become mixed with the sand, 
the speed at which the mixing takes place or the fact- 
ors that affect the speed, nor how to determine when 
optimum mixing has been achieved. It was expected 
from the first that a simple solution for these mixing 
problems would not be found. 

The methoa of approach to the problem was to 
study the properties of the materials-—quartz sand, 
clay-minerals, and water they are involved in 
mixing and the phenomenon of bonding. A study 
was made of the technical papers dealing with the 
properties of these materials and with the bonding 
action of clay-minerals. Literature from the fields of 
geology, mineralogy, ceramics and colloidal chemistry 
was found to contain much information about the 
theoretical atomic structures and the physical and 
chemical properties of the clay-minerals and quartz 
sand, 

The standard practice for sand mixing in industry 
is to mix the dry ingredients and then add the water. 
The evaluation of the effectiveness of the mixture is 


as 
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almost invariably based on the results of the stand- 
ard green compressive strength test. 

The idea of studying the torque or the energy re- 
quired to turn the mixer for studying the induced 
shear as a function of green strength in the sand mass 
was suggested by the discussion of thixotropy (iso- 
thermal reversible decrease in consistency with flow) 
by Lewis, Squires, and Broughton.! 

From the study of the phenomenon of thixotropy 
with the bentonite and fire clay suspensions it was 
thought there might be a difference in the mixing of 
compounded sand mixtures, depending upon the type 
of mixer used, It was reasoned that if the sand mass 
was subjected to a continuous shearing force rather 
than the intermittent shearing force of a muller-type 
mixer, the sand mass would be less likely to undergo 
thixotropy during the mixing process. A ribbon- 
type mixer seemed to better meet the requirements 
for continuous shearing action. 

It was decided to set up a mixer equipped with a 
device for measuring energy input when preparing 
compounded sand mixtures using both bentonite and 
fire clay. The basic hypotheses to be tested were 1) 
that after all of the constituents of the sand mixture 
were in the mixer the torque necessary to turn the 
mixer would increase with time as the mixing pro- 
gressed, 2) that the change in order of addition of the 
clay and water would give a different maximum value 
of torque, and 3) that different time-torque relations 
would be found for bentonite and fire clay. 

It was recognized from the first that the limitations 
of the equipment and apparatus would have to be 
determined after once set up, and that the results of 
initial tests might dictate the future course of the 
project. The emphasis of the project was to be placed 
on the investigation of the relationship of torque to 
mixing on an exploratory basis. 

Equipment and Apparatus 

A small ribbon-type mixer illustrated in Fig. 8, was 
connected to a source of power through a variable 
speed drive. A recording watt meter was connected 
to the motor. 

The only reference found in the literature sug- 
gesting that the energy requirement of the mixing 
had been used as a method of evaluating green com- 
pressive strength of the sand mixture was reported by 
Sheehan’ in connection with a paper on urea form- 
aldehyde core binders.. In the discussion period fol- 
lowing Sheehan’s presentation of the paper, Mr. Shee- 
han reported that a paddle-type mixer was used in 
preparing core sand mixtures, and that an ammeter 
had been connected to the motor as a guide to the 
operator to prevent overloading the motor. He re- 
ports that the ammeter reading served as a measure 
of the “toughness” of the sand mixture. It seemed 
possible, therefore, to use the energy requirement of 
the motor as an indication of the relative changes in 
torque required to turn the mixer. 


*W. K. Lewis, L. Squires, and G. Broughton, Industrial 
Chemistry of Colloidal and Amorphous Materials, pp. 243-249, 
The MacMillan Co., New York, 1943. 

* J. J. Sheehan, “Synthetic Resins as Core Binders,” The Brit- 
ish Cast Iron Research Associaiion Journal of Research and 
Development, vol. 3, no. 3, p. 228, Dec., 1949. 
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The uncertain and exploratory nature of the inves- 
tigation did not, in the authors opinion, warrant 
special materials such as graded sands, etc., and it 
was decided to use the foundry laboratory materials 
that were available. The sand was No. 100 damp 
Glassrock sand, For the sake of uniformity, all of the 
sand used in the investigations (approx. 1 ton) was 
spread on the laboratory floor and air dried, and then 
stored in a canvas-covered bin from which it was used 
during the investigation. A particle-size distribution 
curve representing an average of the results of four 
determinations is shown in Fig. 1. Western bentonite 
was used, fire clay was obtained from Southern Ohio, 
and tap water was considered satisfactory. 


Procedure and Results 


The first step in the investigation was to determine 
the behavior of the mixer and the motor under load 
and no-load conditions with dry, clay-free sand. No 
detectable change in mixer speed was found in going 
from no-load to mixer capacity. It was decided that 
the optimum batch size was between 30 and 50 Ib, 
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Fig. 1—Particle size distribution of No. 100 damp Glass- 

rock sand. 


and that the optimum speed was between 70 and 110 
rpm. Before starting a series of tests the mixer was 
run at a constant speed with a load of dry sand. Fol- 
lowing the warm-up period the mixer was emptied 
and cleaned. 

The procedure for the sand-clay-water mixtures is 
outlined as follows: 

1) The mixer motor is started and the mixer speed 
set to 110 rpm. 

2) The electrical circuit to the wattmeter is closed. 

3) 47 lb of sand are dumped in the mixer. 

4) The clay or the water, depending upon the 
order of addition, was added. The clay addition was 
made by dumping the clay into the mixer from a 
long pan in such a way that the clay was distributed 
uniformly and parallel to the axis of rotation of the 
mixer blades. Water was added by pouring it into 
the mixer while moving the container back and forth 
along the axis of rotation. It required about 9 sec 
to add 3 lb of water.) 

5) The other constituent, either clay or water, 
was added 3 min after step 4) had been started. 
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The wattmeter tape speeds were usually 1/10 in. 
per min, but a few batches were run on tape speeds 
of 3 in. per min. Figures 2 and 3 are rectangular 
coordinate reproductions of typical tape records of 
the sand-clay-water batches. The particular batch 
represented by Fig. 2 was made, following the steps 
in the outline of the previous paragraph, as follows: 

1) Start motor—mixer speed 110 rpm. 

2) Close circuit to wattmeter. 

3) Dump in 47 lb sand. 

4) Dump in 3 lb bentonite. 

5) Add 4 Ib water 3 min after step 4). 

The batch represented by Fig. 3 was made in 
exactly the same way except that steps 4) and 5) — 
the order of addition of the clay and water—were 
reversed. The tape speed for both batches was 1/10 
in. per min. 

The other sand-clay-water mixtures gave similar 
wattmeter recordings, although the batch size, mixer 
speeds, tape speeds, type of clay, and percentages of 
clay and of water were varied. A study of the watt- 
meter tape revealed the following information: 
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Fig. 2—Energy requirement of motor for—sand 3), clay 
4), water 5)—order of addition. 


a) The addition of the water caused an immediate 
and significant increase in energy requirement regard- 
less of the order of addition. The increase in energy 
requirement due to the addition of water to the sand 
alone was always equal to or greater than the increase 
caused by the addition of water to the sand-clay mix- 
ture. There was no detectable build up of energy re- 
quirement after all of the water was in the mixer, 
even on tape speeds of 3 in. per min. 

b) The energy requirement increase due ‘to the 
addition of clay was somewhat greater if the clay was 
added after the water, but was always less than the 
increase caused by the addition of water. 

c) In the case of all of the batches in which the 
factors or steps were identical, except for the order of 
addition, the batches to which the water was added 
first always had an equal or higher ultimate energy 
requirement than those to which the clay was added 
before the water. 

The reason for the significant increase in energy 
requirement due to the addition of water is not clear. 
The fact that the energy increased immediately as 
the water was added suggests, first, that the increase 
in energy requirement was due only to the weight of 
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the material in the mixer. However, if the water was 
added to the sand-clay mixture the energy increase 
was somewhat Jess than the energy increase for the 
addition of water to the sand alone. This suggested 
that factors other than the mass of the materials in 
the mixer were involved in changing the energy re- 
quirement. It is conceivable that the clay particles 
were able in some way to take up part of the water 
and thus eliminate the effectiveness of part of the 
water as far as the energy requirement is concerned. 

Observation of the mixing action in the case of 
the sand-clay-water mixture brought to light at least 
one factor of some significance. The materials in the 
mixer behaved in a different manner, depending upon 
the order of addition. If the water was added first, 
the blades and sides of the mixer became coated with 
a sand-water mixture to which the sand-clay-water 
mixture (after the addition of the clay) did not tend 
to adhere as much as in the case of the clay addition 
to the sand before the water. The net result was that 
the addition of clay before the water gave a mixing 
action that was rather incomplete, in that a somewhat 
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Fig. 3—Energy requirement of motor for—sand 3), water 
5), clay 4)—order of addition. 


greater proportion of the material was not in the 
mixing action. The fact that there was a greater pro- 
portion of the material out of the mixing action for 
batches in which the clay was added before the water 
may explain in part the lower final energy require- 
ment for batches of that order of addition. 

Because of the significance of the energy require- 
ment increase due to the water addition it was decid- 
ed to direct the experimental work to a study of the 
water-sand mixture. The reason for the large increase 
in energy requirement due to the water addition is 
not clear. There are a number of factors which may 
have a part in the explanation of the effect of water 
in a water-sand mixture. A few of the factors which 
may be involved in the increase in energy required 
to turn the mixer as water is added to sand are as 
follows: 

a) The total mass in the mixer increases. 

b) The bulk density of the sand-water mass de- 
creases initially. 

c) The coefficient of friction between the sand 
grains may change. 

d) The gas-solid interface system is replaced by a 
complex gas-liquid-solid interface system in which a 
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complex factor of surface tension may be involved. 

A sand grain is thought by some authors to carry a 
negative surface charge. The exact nature of the 
source of the charge or a quantitative measure of the 
charge has not been discovered by a search of the lit- 
erature. The molecules in the polar liquid (water) 
are thought by Davies* to become oriented with the 
surface of the sand grain in a series of molecular lay- 
ers, After a limited amount of water is added—the 
limit depending upon the strength of the surface 
charge on the sand grains, the temperature of the 
mass, and the total surface or fineness of the sand— 
additional water is not held in oriented molecular 
layers, but is held in a random manner about the 
sand grain and oriented molecules by surface tension. 

It was considered worthwhile to investigate the 
change in energy required to turn the mixer by 
changing specific conditions in the mixture and not- 
ing changes in energy requirement, if any. It was 
expected that the amount of energy required to turn 
the mixer would change if the temperature of the 
mixture was changed, if the residual negative charge 
on the grain was altered, and if a liquid having a 
much lower dipole moment than water was substi- 
tuted for water in the mixture. 

The investigation of the effect of the condition 
changes mentioned above is a realistic and practical 
approach in that the foundryman must cope with 
such changes in daily mixing operations. In opera- 
tions using compounded sand mixtures the sand is 
often remixed before it has had time to cool. Hot 
sand is difficult to temper and to bond in order to 
obtain an effective molding sand. It is thought by 
many that it is impossible to rebond sand that has 
been subjected to a temperature exceeding 2200F, 
and some claim that the critical temperature is much 
lower. 

The sand grain is thought to lose the ability to be 
rebonded, because heat in some way alters the resi- 
dual negative charge on the sand grains. The use of 
liquids less polar than water is significant in the mix- 
ing operation in that core sands are prepared with 
various more or less non-polar core oils. Although 
the bonding action of oil-bonded sands is different 
from that of the clay-bonded sands, the problem of 
mixing the oil-bonded core sands is a significant 
factor. 

It was not expected that the results of the investi- 
gation of the effects of the changed conditions in the 
mixture upon the energy required to turn the mixer 
would explain completely the mechanics of the mix- 
ture. It was hoped some new information might be 
gained about the factors involved in the mixing and 
bonding of the materials. 

A series of test batches of sand and water were 
made, The steps in the experimental procedure are 
as follows: 

1) Start motor—mixer speed 96 rpm. 

2) Close circuit to wattmeter. 

3) Dump 50 lb sand in mixer. 

4) Add | lb water to batch each min. 


*W. Davies, Foundry Sand Control, p. 59, Lund Humphries 
and Company Limited, London and Bradford, 1950. 
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The result of the procedure outlined above is 
shown in Fig. 4. The first pct water addition (1 Ib) 
causes an immediate increase in energy requirement 
of about 50 watts. Accompanying the increase in 
energy requirements there is a noticeable decrease in 
the bulk density of the mixture. Each succeeding 
water addition, up to the 8th to 10th increment of 
water addition, results in a smaller, but definite, in- 
crease in energy requirement than the preceding ad- 
dition. The bulk density of the mass begins to in- 
crease after the initial decrease. At or about the time 
the energy requirement is at a maximum the voids in 
the mass become filled with water and the mass then 
takes on the characteristics of a highly viscous liquid. 

In order to examine the effect of temperature 
changes on the energy required to turn the mixer, 
batches were made in the same way using heated 
water, heated sand, and both heated water and heated 
sand. The sand was heated in an electric oven to 
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Fig. 4—Energy requirement of motor for sand 3) to which 
one Ib of water 4) is added each minute. 


about 250F. The water was heated in a bucket over 
a gas flame to the boiling point. The temperature of 
the mixture was measured at the end of the test in 
each case. The temperature at the end of the run 
for each batch was as follows: 
Batch No. 1. Sand 75F — water 60F — tempera- 
ture at end, 80F. 
Batch No. 2. Sand 250F — water 60F — tempera- 
ture at end, 130F. 
Sand 75F — water 170 - 212 F — 
temperature at end, 110F. 
Batch No. 4. Sand 250F — water 170 - 212F — 
temperature at end, 105F. 


Batch No. 3. 


The energy requirement curves for batches 2 and 
3 were not significantly different from that of batch 
1. There was a notable change in the curve obtained 
when using both heated sand and heated water. Fig. 
5 shows that the initial water addition and subse 
quent water additions do not cause as great an in- 
crease in the energy requirement. 

There are a number of factors which may be re- 
sponsible for the difference in energy requirement be- 
tween batch 1 and 4. In accordance with the fixed 
water theory the number of oriented molecular layers 
of water would be greatly reduced by the increase in 
temperature, and at the same time the viscosity of 
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Fig. 5—Energy requirement of motor for hot sand 3) to 
which one Ib of hot water 4) is added each minute. 


the water decreases tension at the sand-air-water in- 
terface may decrease. 

The effect of water additions to the sand mixture 
at regular time intervals had been noted. It was 
decided to make test batches involving a relatively 
non-polar liquid. A commercial grade kerosene was 
chosen as the non-polar liquid to be used. Three 
batches involving kerosene were made. In the first, 
kerosene was added to 50 lb of dry sand at the rate 
of one lb per minute. The total increase in energy 
requirement during the entire run was less than 20 
watts compared to an increase of almost 170 watts 
when water was added under the same conditions. 
There was comparatively little increase in the energy 
requirement due to the addition of the kerosene. 

The second batch involving kerosene was made in 
accordance with the following procedure: 

1) Motor started—mixer speed 110 rpm. 

2) Closed circuit to wattmeter. 

3) Added 50 Ib sand. 

4) Added 14 lb kerosene (zero time). 

5) Added | Ib water at 3, 4, 8, 11, 12-19 min. 

It was noted that the energy requirement does not 
increase in the same way that it did when water was 
added alone. The initial water additions cause little 
or no increase in the energy requirement. The incre- 
ment water additions near the maximum or peak 
values of energy requirement caused greater changes 
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Fig. 6—Energy requirement of motor for sand 3) to 
which is added 12 Ib kerosene 4) followed by one Ib 
water 5) additions. 


313 


in energy requirement on both sides of the peak of 
the curve than the initial water additions. Figure 6 
shows the interpretation of the results of the watt- 
meter recording. 

The third test batch involving kerosene was run 
to find the changes in energy requirement that would 
occur if a relatively large quantity of water was added 
to the sand followed by the addition of a small quan- 
tity of kerosene. Figure 7 shows the rather striking 
results of the test batch. In this batch 5 lb of water 
was added to 50 Ib of sand, and after 3 min 4 lb of 
kerosene was added. The time required to add the 
water was about 20 sec (by stop watch) and the time 
required to add the kerosene was about 5 seconds. 

The energy requirement increased directly as the 
water was added to about the same level that five 
separate 1-lb water additions would give, and that the 
addition of the kerosene caused an immediate drop 
in energy requirement to a level equal to the energy 
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Fig. 7—Energy requirement of motor for sand 3) to 
which 5 Ib of water 4) is added followed by the addition 
of 1% Ib of kerosene 5). 


level attained in the equivalent mixture of the batch 
in which the kerosene was added first. 


Summary and Recommendations 


Observation of the mixing action involving sand- 
clay-water mixtures does bring to attention the fact 
that for uniform distribution of the materials in the 
mass, all of the mass must be consistently and uni- 
formly involved in the mixing action. The signifi- 
cance of the fact that batches made up with the sand- 
water-clay order of addition had a higher ultimate 
energy requirement than batches with the sand-clay- 
water order of addition is difficult to evaluate because 
of the difference in mixing action. One obvious rea- 
son for the difference in the energy requirement was 
that a greater portion of the sand mixture (sand- 
clay-water order of addition) was not engaged in the 
mixing action. 

A study of the wattmeter record tapes reveals that 
water in the mixture contributes more to the energy 
requirement of the mixer in proportion to its weight 
than either the clay or the sand. The effect of the 
water addition upon energy requirement is very rap- 
id, and to a considerable extent independent of the 
order of addition. No detectable lag was noted be- 
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tween the time the water was added to the batch and 
the change in the position of the recording pen, even 
on recording speeds of 3 in. per min. There was no 
appreciable increase in energy requirement after both 
clay and water were added that could be attributed 
to the development of green strength due to the mix- 
ing action. 

The results of the experiments involving sand and 
water are extremely difficult to evaluate. It is pos- 
sible to speculate that in the batch using hot water 
and hot sand only, the lower energy requirement was 
due to the change in viscosity of the water resulting 





Fig. 8—Interior view of small ribbon-type mixer with 
double spiral blade used in the investigation. 


from the change in temperature. The “rigid or fixed 
water” theory would also apply in that it is contended 
that fewer molecular layers of oriented water mole- 
cules are held at the surface of the sand grains at 
higher energy levels. 

Kerosene in sand and in sand-water mixcures has 
a pronounced effect on the amount of energy re- 
quired to mix the mass, Kerosene with sand causes 
little increase in energy requirement above that re- 
quired to mix the sand alone. If kerosene is added to 
the sand, subsequent additions of water cause little 
change in energy requirement and the addition of 
kerosene to a sand-water mixture essentially elimin- 
ates the energy requirement attributed to the water. 

The wattmeter reading gives a summation of all 
of the energy requirements of the motor, driving 
mechanism, and mixing action. In addition to the 
energy required to overcome the friction and other 
losses in the mechanical system, there are many fac- 
tors in the mixing action of the sand mass which may 
contribute to the total energy requirement. A num- 
ber of considerations which may be of significance in 
quantitatively evaluating the energy required in mix- 
ing are as follows: 

1) The total surface of the sand mass. 
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2) The density of the mass, particle size distribu- 
tion, and shape of grains. 

3) The character of the surface of the sand grains, 
i.e., presence of surface films, etc. 

4) The density and viscosity of the liquids present 
and their polar characteristics and surface ten- 
sion in contact with the solids in the mixture. 

5) The nature and strengths of the bonding of the 
forces in the mixture. 

6) The method and direction of application of 
the forces of induced shear and the frequency of 
the application of such forces. 

Further work is necessary in order to evaluate the 
use of energy input to the mixer as a tool for evalu- 
ating the mixing action and/or the properties of the 
mixture, The aim of future investigations should be 
to learn more of the phenomenon of the mixing and 
bonding of the materials and to find a better and 
faster method of mixing the materials and of evalu- 
ating the final mixture in terms of its ultimate use. 

It is conceivable that the technique of measuring 
the energy input to the mixer could be used as a tool 
for studying the forces of adhesion in green molding 
sand or that such technique could be used as a de- 
vice for quality control of foundry sand mixtures. 

Further investigations might be devoted to the 
evaluation of factors which seem to be significant but 
as yet have not been explained or evaluated. The 
following are suggestions for future investigations of 
mixing and bonding foundry sand mixtures: 

1) Make a comprehensive study of the literature 
for information about the phenomena of surface 
films, surface tension, surface charge, interfacial 
phases, and wetting that apply to the mixing and 
bonding of materials in foundry sand mixtures. 

2) Investigate the energy requirements and mix- 
ing action of other types of mixers and/or variations 
of the ribbon-type mixer in the mixing of foundry 
sand materials. 

3) Use graded sands and sands which have been 
subjected to high temperature or other actions which 
may alter the surface of the sand grain or surface 
film on the sand grains, in order to evaluate the 
effects of the total surface of the sand mass with re- 
spect to factors related to the surfaces and the liquid- 
solid interfaces. 

The significance of the technique of the measure- 
ment of energy input to the mixer as a tool for in- 
vestigating the problem of mixing foundry materials 
has not been determined. The limited exploratory 
investigation for this report has brought up far more 
questions than it has answered. 











MAGNESIUM SAND CASTING ALLOYS 
CONTAINING THORIUM: 


By 


K. E. Nelson** 


Applications for sand-cast magnesium alloys at ele- 
vated temperatures have been, primarily, parts used 
in aircraft jet engines. The favorable strength to 
weight ratio of magnesium alloys at operating tem- 
peratures has been, in part, responsible for the suc- 
cessful operation of such applications. The jet engine 
designs are continually being changed to give in- 
creased power and this leads to higher operating tem- 
peratures for engine parts. 

In order to continue to have the advantages of mag- 
nesium available as far as stressed, elevated-tempera- 
ture applications are concerned, it has been necessary 
to explore intensively the field of elements alloyable 
with magnesium and to evaluate the properties of new 
magnesium alloys with a view to their use at these 
temperatures. From such a program have come several 
alloys worthy of development. 

The magnesium-aluminum-zinc system of alloys 
suitable for some applications at elevated temperatures 
were partially replaced by the various alloys in the 
magnesium-rare earth metal-zirconium system. This 
transition has been reviewed by Nelson and Strieter.? 
In 1943 the Alien Property Custodian published two 
United States patent applications covering magnesium- 
thorium-zirconium base alloys.?:* Subsequent publica- 
tions by Sauerwald* and Leontis®* further report on 
the properties of these alloys and their superiority to 
the magnesium-rare earth metal-zirconium alloys at 
elevated temperatures. 

The addition of zirconium to magnesium-thorium 
alloys as reported by Leontis® markedly reduces the 
grain size and improves both castability and tensile 
properties without impairing creep resistance at ele- 
vated temperatures. Leontis also determined that 
thorium additions of about 3 per cent and maximum 
zirconium contents, in the range of 0.7 per cent, result 
in an alloy which would be suitable for many stressed 
applications at these elevated temperatures. A United 
States patent recently issued to Magnesium Elektron 
Limited covers a series of magnesium-thorium-zinc-zir- 


* This work was sponsored, in part, by the Flight Research 
Laboratory, Wright Air Development Center. 

**Metallurgical Laboratories, Magnesium Department, The 
Dow Chemical Company, Midland, Mich. 
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conium alloys.7. In a paper presented at the 1952 
Magnesium Association meeting Ball® presented data 
on a sand casting alloy termed ZT1 (magnesium plus 
3 per cent thorium plus 2.5 per cent zinc plus 0.7 per 
cent zirconium) which has the same composition as 
HZ32A-T5 alloy discussed in this paper. An article in 
a recent publication discusses the properties of this 
creep resistant alloy.® 

The magnesium-thorium system of alloys are being 
thoroughly evaluated by The Dow Chemical Com- 
pany. The information in this paper presents results 
of these studies available at the present time. It is 
expected that these data will be found useful by the 
many people interested in applications requiring re- 
sistance to creep at elevated temperatures. 

One objective of this paper is to compare the tensile 
and creep properties of separately cast test bars of 
magnesium-thorium-zirconium alloys with and with- 
out the addition of zinc. Room temperature tensile 
properties of bars sectioned from test castings of these 
two compositions are also compared. A second objec- 
tive is to evaluate the tensile and creep properties of 
bars sectioned from castings of two ternary magnesium- 
thorium-zirconium alloys in a manner described by 
Nelson and Strieter.1° For the purpose of definition 
in this paper, the alloys to be evaluated may be 
listed using the proposed ASTM designations for 
magnesium alloys as follows: 

HK31A-T6 Magnesium plus 3 per cent thorium plus 
0.7 per cent zirconium 

Magnesium plus 2 per cent thorium plus 
0.7 per cent zirconium 

Magnesium plus 3 per cent thorium plus 
2.5 per cent zinc plus 0.7 per cent zir- 
conium 

T5 and T6 are temper designations. The T5 treat- 
ment is an artificial precipitation aging consisting of 
16 hr at 600 F. T6 refers to a solution heat treat- 
ment plus artificial precipitation aging of the alloy. 
In this case the treatment consists of 2 hr at 1050 F, 
air cool, and age for 16 hr at 400 F. 


HK21A-T6 


HZ32A-T5 


Procedure 
The alloying of thorium to the magnesium was ac- 
complished as described by Leontis® with slight modi- 
fications. In addition to introducing thorium in the 
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metallic form, it was, in several cases, added as a 
hardener of magnesium-thorium. The zirconium was 
alloyed using the commercial hardener containing 
magnesium and 30 to 50 per cent zirconium described 
by McDonald" and Saunders and Strieter.!* The flux- 
ing practices for melting and refining were the same as 


Fig. 1—Photos of castings evaluated. 


for magnesium-rare earth metal-zirconium alloys.'1¢ 
Following a suitable settling period the melt tempera- 
ture was adjusted for pouring. Dow No. 181 agent 
and sulphur dioxide gas were used during pouring 
and in the mold to inhibit oxidation, as with other 
commercial magnesium sand-casting alloys. Some 
melts were prepared using foundry run-around scrap 
with additions of thorium and zirconium to make up 
losses of these elements incurred during remelting. 

The elements which inhibit the alloying of zir- 
conium in magnesium have been reported.!:!3 Care 
was exercised to prevent contaminating the melts with 
aluminum and silicon as well as controlling the forma- 
tion of oxides in the molten alloy because of the 
thorium loss which is known to occur when such con- 
tamination exists. 

Five patterns were used to make the castings which 
were evaluated. The HK21A alloy was poured using 
two of these patterns while four were used with the 
HK3IA alloy. The pouring temperature of the metal, 
and the gating and risering of the casting were the 
same as those used by the foundry in pouring EK30A 
alloy (magnesium plus 3 per cent rare earth metal 








K, E. NELSON 





317 














TABLE 1—ANALYsIs AND GRAIN SIZE OF CASTINGS EVALUATED 
Range 
: Average Grain 
Analysis Diam., In. 
Sol- Insol- mee) A Separately * 
Castings uble uble Cast Test 
Composition Poured Th. Q 2% Zr, % Zr, % Fe, % Mn, % Ni,% Bars* Castings? 
HK31A-T6 Separately 356 <0.01 0.72 0.03 0.002 0.020 <0.001 — a Nee 
Cast Bars 
HZ32A-T5 Separately 3.29 2.40 0.82 0.06 0.002 0.026 <0.001 a -_ 
Cast Bars 
HK31A-T6 Separately 3.12 <0.01 0.78 0.04 0.002 0.018 <0.001 — aie 
Cast Bars 
and Special 
Casting 
HZ32A-T5 ” 3.15 2.34 0.87 0.03 0.001 0.026 <0.001 — aed 
0.0025 
HK21A-T6 A 2.24 <0.01 0.63 0.05 <0.001 0.056 <0.001 0.003 —0.004 
9 e 0.003 0.003 
HK31A-T6 A 257 <001 0.68 0.04 ones — oS we —0.004 
0.0025 
9 2! 
HK31A-T6 B 265 <0.01 0.70 0.04 os — <- — 1 
: 0.002 0.062 <0.001 9.008 0.008 
HK21A-T6 Cc 1.84 <0.01 0.63 0.07 —0.0045 —0.0045 
< : 0.002 
0.002 0.060 0.001 = - 
HK31A-T6 D 265 <0.01 0.70 0.04 = = 0.015 
0.002 0.035 <0.001 im 0.003 
HK31A-T6 E-1 2.57 <0.01 0.68 0.04 —0.015 
0.002 0.002 
0.002 0.012 J a 
HK31A-T6 E-2 3.55 <0.01 0.69 0.02 - - <0601 —0.003 —0.006 


1. Each range represents from 3 to 6 average grain size ratings. 
2. Each range represents from 19 to 24 average grain size ratings. 


In some cases even though the range showed fine average grain sizes, the samples from the casting had scattered grains as coarse as 


0.015 in. 





plus 0.25 per cent zirconium) production castings. 
In addition to these castings, separately cast 14-in. 
diam standard tensile bars were cast from each melt. 
The castings were heat treated in production furnaces 
along with the separately cast bars using the proce- 
dure described in the introduction to this paper. 
Standard separately-cast test bars of HK3I1A and 
HZ32A alloys were poured and heat treated using lab- 
oratory equipment. The test castings, designed to 
produce conditions of cooling similar to those found 
in production parts, were also made in the laboratory. 
These castings weighing 10 lb were heat treated prior 
to sectioning. The solution treatment was done under 
a protective atmosphere of greater than | per cent 
SO, gas. The precipitation treatment was done in air, 
After heat treating, each casting was sectioned as com- 
pletely as possible from thick and thin sections in 
order to obtain a complete picture of its room and 
elevated-temperature tensile properties and elevated- 
temperature creep strength. Figure 1 shows castings 
similar to the ones used to compare the ternary mag- 
nesium-thorium-zirconium alloys in this program. 

The thorium, zinc and zirconium contents of each 
melt were analyzed by wet chemical methods. The 
zirconium contents are designated as “soluble” or “‘in- 
soluble” and refer to that portion present in the alloy 
which is soluble or insoluble in dilute acid. The 
usual impurities, including iron, were determined 
spectroscopically. The analysis for each melt is given 
in Table 1. 

The casting sections were machined to conform to 
standard ASTM specified shapes for tensile testing, or, 
when this was not possible, to dimensions listed as 


TABLE 2—EFFECT OF TESTING TEMPERATURE ON SEP- 
ARATELY CAst TrEst BAR TENSILE PROPERTIES OF 
HK31A-T6 ann HZ32A-T5 ALLoys 





Properties’ 











Testing % Elon- Yield rensile 

Tempera- gation Strength Strength 

Composition ture, F in2in. X1000 psi X1000 psi 
HK31A-T6 70 8 18 37 
HZ32A-T5 wg 10 15 32 
HK31A-T6 400 17 14 26 
HZ32A-T5 ‘i 33 10 18 
HK31A-T6 500 19 14 24 
HZ32A-T5 ss 39 9 14 
HK31A-T6 550 18 13 22 
HZ32A-T5 “ 38 8 13 
HK31A-T6 600 22 12 20 
HZ32A-T5 x 38 8 12 
HK31A-T6 662 21 10 17 
HZ32A-T5 “ 28 8 12 
HK31A-T6 700 26 9 14 
HZ32A-T5 - 29 7 1] 


‘These values are averages of three tests at each temperature. 





acceptable to the ASTM. Specimens machined for 
creep testing were either 0.505 or 0.450 in. in diameter 
with a 2-in, gage length or 14 in. by 4 in. in cross- 
section with a 2-in. gage length. 

The methods of tension and creep testing have been 
discussed in detail in previous publications.114,15 

Hardness values were also obtained in a manner 
previously described.'° The alternate immersion cor- 
rosion data reported were obtained using a technique 
described by Hanawalt, Nelson, and Peloubet.!* It 
consisted of immersion of finely machined and de- 
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greased specimens in a 3 per cent NaCl water solution 
for Y% min followed by 214 min in air in a 90 F room. 
The alternate immersion was carried on continuously 


for 14 days. 
Comparison of HK31A-T6 and HZ32A-T5 Alloys 


The room and elevated temperature tensile proper- 
ties of separately-cast test bars of HK31A-T6 and 
HZ32A-T5 alloys prepared and heat treated in the 
laboratory are shown in Table 2. The short-time ten- 
sile properties of HK31A-T6 alloy are superior to 
those of HZ32A-T5 alloy at all testing temperatures. 

A comparison of the room temperature tensile prop- 
erties of separately-cast test bars with bars sectioned 
from a special test casting poured from the same 
batch of metal is made for the two compositions in 
Table 3. The superiority of the HK31A-T6 alloy in 
short-time tensile properties is again apparent. 


TABLE 3—-COMPARISON OF ROOM TEMPERATURE TEN- 
SILE PROPERTIES OF SEPARATELY Cast TEst BARS WITH 
Bars SECTIONED FROM A T Est CASTING 





Tensile Properties 





Yield Tensile 
Number % Strength Strength 





Com- Test Bar Bars Elon. X1000 X1000 
position Source Tested in 2in. psi psi 
HK31A-T6 Sep. Cast Bars Average 2 8 18 34 
i Sep. Cast Bars Minimum 6 18 32 
7 Test Casting Average 50 5 16 30 
e Test Casting Minimum l 14 22 


HZ32A-T5 Sep. Cast Bars Average 2 10 17 33 
Sep. Cast Bars Minimum 7 16 33 
Test Casting Average 80 4 16 28 

Test Casting Minimum <0.5 12 20 





In order to provide information which would be 
helpful for design purposes as well as to compare the 
two alloys, creep tests were conducted at several levels 
of stress at 400, 500, 550, 600, and 662 F for times up 
to 1000 hr. 

Two parameters of creep were used to make this 
comparison: 

1. Creep limit based on 0.2 per cent total extension 
in a given time. 

2. Creep limit based on 0.5 per cent total extension 

in a given time. 
These parameters were obtained by interpolation of 
log stress vs log extension plots of the original data as 
described in earlier papers.'415 Figures 2 through 6 
compare the two alloys for various time intervals for 
the five testing temperatures. 

It can be seen that HK31A-T6 alloy is superior to 
HZ32A-T5 alloy at 400 F and for the higher exten- 
sions of creep at 500 F for time through 1000 hr. The 
times at which HZ32A-T5 becomes superior to HK31A- 
T6 at higher testing temperatures can be determined 
from the curves. HZ32A-T5 alloy is superior for times 
of 100 hr or longer at temperatures of 550 F and 
higher. Actually in 1000 hr HZ32A-T5 at 600 and 662 
F is comparable to HK31A-T6 at 550 and 600 F, re- 
spectively. 

There are applications in air-frame parts such as 
missiles, and in some parts in jet engines, where the 
critical parameter, as far as design purposes are con- 
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Fig. 2—Stress for 0.5 pct and 0.2 pct total extension at 
400 F. Separately cast test bars. (The abscissa, exposure 
time, actually is creep testing time.) 
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Fig. 3—Stress for 0.5 pct and 0.2 pct total extension at 
500 F. Separately cast test bars. (The abscissa, exposure 
time, actually is creep testing time.) 


























20 pre re 
| 
, 0.5% EXT.-HK3IA-T6 | 
| 
0.5% EXT.-HZ32A-TS 
— ~- ——~ Ska TR A 
9 \ , ——_— 
8 ——} 
| 
7 — — 
« "Sag, } 
“New 0.2% EXT.-HZ32A-T5 
5 sesalaelahinsieincieteedsdeies Dei med... 



















j 
a f%*, > 
0.2% EXT.-HK3IA-TEM bs 








STRESS 1000 PS. 1 
- 
| 
| 
| 

















— “ei ks on oe et a aw le 4 68 
MINUTES ' 10 HOURS 100 1000 
EXPOSURE TIME 





Fig. 4—Stress for 0.5 pct and 0.2 pct total extension at 
550 F. Separately cast test bars. (The abscissa, exposure 
time, actually is creep testing time.) 
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600 F. Separately cast test bars. (The abscissa, exposure 
time, actually is creep testing time.) 


cerned, is maximum stress for a short time at rela- 
tively high temperatures. Under such conditions, if a 
choice were to be made between HK31A-T6 alloy and 
HZ32A-T5 alloy, it would be necessary for the de- 
signer to make an educated guess or have basic in- 
formation on stresses, temperatures, and time involved. 
With this information it would be possible to choose 
the optimum alloy composition for a given applica- 
tion. 

In general the tensile and creep properties reported 
by the British investigators for ZT1 alloy® agree with 
the results obtained on the HZ32A-T5 alloy. 


Property Evaluation Made on Ternary Magnesium- 
Thorium-Zirconium Alloy Castings 


The average grain sizes in the reduced section of the 
standard 14-in. diam tensile bars and in bars sectioned 
from the castings were measured using the comparison 
method described by George.1*7 The analyses and 
grain sizes of the castings are presented in Table 1. 

The minimum and the mean tensile properties at 
room temperature, 400 F, 500 F, 600 F, and 650 F of 
test bars machined from individual castings are shown 
in Table 4. As the thorium content increases from 
1.84 per cent to 3.55 per cent, the yield strength in- 
creases. The effect of casting size, which influences 
cooling rates, on the properties of a 2.57 per cent 
thorium alloy can be seen by comparing the properties 
of castings B and D. As would be expected, the prop- 
erties in casting D which has the thinner wall sections 
are somewhat higher than those in casting B poured 
from the same melt. The coarse grain size found in 
castings D, E-1, and E-2 did not appear to affect the 
tensile properties of bars sectioned from the castings. 

The tensile results of the bars sectioned from cast- 
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Fig. 6—Stress for 0.5 pct and 0.2 pct total extension at 
662 F. Separately cast test bars. (The abscissa, exposure 
time, actually is creep testing time.) 


ings were analyzed statistically as described in an ear- 
lier paper.1° The average and standard deviation 
values are listed for the two thorium alloys at the five 
test temperatures in Table 5. Also listed are the num- 
ber of values used for each determination. In general 
the data from which the values in Table 5 were ob- 
tained formed a fairly normal distribution. In a few 
cases, however, there was some question of this, the 
data indicating one or more factors out of control. 
The mean values were then used. The bar graph in 
Fig. 7 shows the effect of testing temperature on the 
tensile properties of the two alloys. It may be noted 
that the average room temperature properties ob- 
tained from bars sectioned from HK31A-T6 castings 
in Table 5 compare very closely to those reported in 
Table 3 for the special HK31A-T6 casting. 

The tensile properties of the separately cast test 
bars which were poured and heat treated with the 
castings are presented in Table 6. In general these 
values are as good as, or better than, those of bars 
sectioned from castings of the same melt. It can be 
seen that the values for separately-cast bars of HK31A- 
T6 alloy reported in Tables 2 and 3 are higher than 
those in Table 6. It is felt that the control of the heat 
treatment of those treated in the laboratory was better 
than those treated using production equipment, thus 
resulting in superior properties. 

Average tensile properties of bars sectioned from 
castings of EK30A-T6, EK31A-T6, and EZ33A-T5 al- 
loys reported in another paper’? are compared with 
similar data from the two ternary magnesium-thorium- 
zirconium alloys in Table 7. The increased elongatior 
and ultimate tensile strength of the thorium alloys 
over the rare-earth metal alloys at 70 F enhances the 
value of the thorium-containing system. In yield 
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TABLE 4—TENSILE PROPERTIES OF BARS SECTIONED FROM INDIVIDUAL CASTINGS 
HK21A-T6 HK31A-T6 
Testing No. Yield Tensile No. Yield Tensile 
Casting Temp., of % Elong. Strength, Strength, of % Elon. Strength, Strength, 
Number F Bars in2in. X1000 psi X1000 psi Bars in2in. X1000 psi X1000 psi 
A 70 Average 17 8 15 33 23 7 16 33 
Minimum 7 14 31 4 15 29 
A 400 Average 18 18 12 23 19 19 12 24 
Minimum 8 ll 21 14 12 22 
A 500 Average 20 23 13 21 2 23 11 22 
Minimum 12 11 19 22 11 22 
A 600 Average 19 25 10 18 19 24 11 20 
Minimum 21 8 16 18 10 19 
A 650 Average 20 28 9 15 2 18 9 15 
Minimum 21 8 14 12 9 13 
B 70 Average — —_— — — 14 6 14 30 
Minimum 4 14 25 
B 400 Average —_ — _ — 11 17 12 23 
Minimum 12 11 22 
B 500 Average — — — — 2 18 1] 20 
Minimum 17 11 20 
B 600 Average — — — — 9 22 10 18 
Minimum 18 10 17 
B 650 Average —_— — —_— — z 23 8 15 
Minimum 23 8 15 
C 70 Average 18 8 13 32 — — pues = 
Minimum 7 12 19 
Cc 400 Average 14 20 11 20 — _ — -— 
Minimum 17 10 19 
Cc 500 Average 16 24 11 19 — — — — 
Minimum 16 10 18 
Cc 600 Average 16 22 10 17 — — -- -- 
Minimum 14 9 16 
Cc 650 Average 16 23 7 14 — — — — 
Minimum 14 7 14 
D 70 Average — —_ — — 29 6 17 30 
Minimum 3 14 26 
D 400 Average — _— — _ 12 18 13 23 
Minimum 14 12 22 
D 500 Average — — _— — 2 20 12 21 
Minimum 20 12 20 
D 600 Average _ — — — 4 19 11 18 
Minimum 16 ll 17 
E-1 70 Average — — — — 32 6 16 31 
Minimum 3 14 26 
E-1 400 Average —_ — — — 13 17 13 23 
Minimum 12 12 23 
E-1 600 Average — _ — — 13 21 11 19 
Minimum 17 10 18 
E-2 70 Average _— —_ << — 31 4 17 31 
Minimum 2 16 26 
E-2 400 Average — — — ~— 11 10 14 26 
Minimum 8 13 25 
E-2 600 Average — _— = — 13 17 12 20 
Minimum 10 11 18 
TABLE 5—AVERAGE TENSILE PROPERTIES AND STANDARD DEVIATION OF BARS SECTIONED FROM HK21A-T6 ANpD 
HK31A-T6 CastTINcs 
HK21A-T6 HK31A-T6 
Testing Yield Tensile Yield Tensile 
Temp., %, Elong. Strength, Strength, % Elong. Strength, Strength, 
F in 2 in. X1000 psi X1000 psi in 2 in. X1000 psi X1000 psi 
70 Average 7.7 13.9 $2.1 5.5 16.2 30.8 
Std. Deviation 0.9 1.1 1.1 1.6 1.1 2.4 
No. of Bars 35 35 35 129 128 129 
400 Average 19.2 11.6 27 16.0 12.8 23.9 
Std. Deviation 0.9 2 3.0 0.8 1.3 
No. of Bars 32 $2 32 66 68 66 
500 Average 23.4 11.6 20.1 20.0 11.6 22.1 
Std. Deviation — 0.8 1.2 — 
No. of Bars 36 36 36 6 6 6 
600 Average 23.8 9.8 17.4 20.8 10.8 19.1 
Std. Deviation 2.2 0.5 0.9 3.8 0.5 0.7 
No. of Bars 35 35 35 58 58 58 
650 Average 25.6 8.0 14.7 20.7 8.6 15.0 
Std. Deviation 5.0 0.7 0.7 — 
No. of Bars 36 36 36 4 4 4 
Note: Where no standard deviation is listed: the average value for that property is the arithmetic average of the individual values. 
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Fig. 7—Effect of tempera- 
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strength, the thorium alloys are slightly better than 
the rare earth metal alloys. In tensile properties at 
temperatures above 500 F, thorium additions to mag- 
nesium-zirconium produce compositions superior to 
the magnesium-rare earth metal alloys. Figure 8 
shows the effect of testing temperature on the tensile 
properties of bars sectioned from EK30A-T6 and 
HK31A-T6 alloy castings. 

Samples were taken from sections of a few of the 
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castings for Brinell hardness tests. The average values 
for each casting are shown in Table 8. Casting C, 
which has the lowest thorium content and the lowest 
tensile properties, also has the lowest Brinell hardness 
number. 

The 100-hr creep limits of bars from each HK21A- 
T6 and HK31A-T6 casting tested at 400, 500, 600, and 
650 F are shown in Table 9. The geometry of casting 
D was such that it was impractical to obtain creep 


TABLE 6—COMPARISON OF TENSILE PROPERTIES OF SEPARATELY CAST TEstT BARS POURED AND HEAT TREATED 
WITH MAGNESIUM- THORIUM-ZIRCONIUM CASTINGS 





Analysis, % 








Test Yield Tensile 
Castings Sol. Insol. No. Temp., % Elong. Strength, Strength, 
Poured Th Zr Zr Bars F in 2 in. X1000 psi X1000 psi 

A 2.24 0.63 0.05 2 70 9.0 15.6 34.7 

2 400 17.5 115 21.3 

2 500 23.8 11.8 20.5 

2 600 27.5 11.2 18.6 

C 1.84 0.63 0.07 2 70 9.0 13.8 $2.2 

2 400 19.2 10.4 19.7 

3 500 25.8 11.0 19.1 

2 600 29.0 9.8 17.7 

3 650 36.3 7.8 14.3 

Average of 4 70 9.0 14.7 33.4 

2 melts 4 400 18.4 11.0 20.5 

from above 5 500 25.0 11.3 19.7 

4 600 28.2 10.5 18.2 

3 650 36.3 7.8 14.3 

A and E-1 2.57 0.68 0.04 3 70 6.3 15.3 30.8 

3 400 18.8 11.1 21.7 

3 500 20.3 11.3 20.4 

3 600 20.5 11.3 19.6 

B and D 2.65 0.63 0.07 2 70 7.2 16.5 33.1 

2 400 18.2 13.2 23.4 

2 500 20.8 13.2 21.5 

2 600 15.2 11.0 17.6 

2 650 19.0 9.6 15.2 

E-2 3.55 0.69 0.02 2 70 6.0 16.8 $2.8 

2 400 12.8 14.4 22.8 

2 500 18.0 13.8 21.3 

2 600 21.0 12.4 19.1 

4 650 21.0 10.8 17.6 

Average of 7 70 6.5 16.1 32.0 

3 melts 7 400 16.9 12.6 22.5 

from above 7 500 19.8 12.6 21.0 

7 600 19.1 11.5 18.9 

6 650 20.3 10.4 16.8 








$22 


TABLE 7—COMPARISON OF AVERAGE PROPERTIES OF 
Bars SECTIONED FROM MAGNESIUM-RARE EARTH METAL- 
ZIRCONIUM AND TERNARY MAGNESIUM-THORIUM- 
ZIRCONIUM ALLoy CASTINGS 








Testing Yield Tensile 
Temp., Number % Elong. Strength Strength 
Composition F Bars in 2in. X1000 psi X1000 psi 
EK30A-T6 70 175 1 13.3 17.5 
EK31A-T6 ~ 165 3.5. 15.3 22.1 
EZ33A-T5 " 166 2.5 14.3 19.8 
HK21A-T6 Mg 35 7.7 13.9 32.1 
HK31A-T6 " 129 5.5 16.2 30.8 
EK30A-T6 400 93 7.5 11.0 16.0 
EK31A-T6 5 89 12.0 12.2 16.7 
EZ33A-T5 i 90 14.0 9.8 18.0 
HK21A-T6 ws $2 19.2 11.6 21.7 
HK31A-T6 ‘ 66 16.0 12.8 23.9 
HK21A-T6 500 36 23.4 11.6 20.1 
HK31A-T6 6 20.0 11.6 22.1 
EK30A-T6 600 80 39. 6.6 11.4 
EK31A-T6 42 89 51 7.1 11.2 
EZ33A-T5 iy 102 44 6.7 11.3 
HK21A-T6 ' 35 23.8 9.8 17.4 
HK31A-T6 “i 58 20.8 10.8 19.1 
HK21A-T6 650 36 25.6 8.0 14.7 
HK31A-T6 PS 4 20.7 8.6 15.0 





limits on bars sectioned from this part. From three to 
four tests were necessary in order to obtain a curve 
suitable for obtaining the four reported creep limits. 
The type data obtained were the same as those re- 
ported on the magnesium-rare earth metal casting 
evaluation.’ These may be defined as follows: 
1. Limiting stress to give 0.1 per cent creep 
extension in 100 hr. 
2. Limiting stress to give 0.1 per cent creep 
plus plastic extension in 100 hr. 
3. Limiting stress to give 0.2 per cent total 
extension in 100 hr. 
4. Limiting stress to give 0.5 per cent total 
extension in 100 hr. 
The data in Table 9 indicate that, at a given testing 
temperature, there is no difference in creep resistance 


TABLE 9 
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TABLE 8—BRINELL HARDNESS VALUES OF TERNAR 
MAGNESIUM-THORIUM-ZIRCONIUM ALLoy CASTINGS 






































Average 
Casting Brinell Hardne; 
Composition Number Number 
HK21A-T6 A 54.4 
HK31A-T6 A 56.5 
HK31A-T6 B 55.8 
HK21A-T6 C 49.7 
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TEMPERATURE F 


Fig. 8—Effect of testing temperature on tensile properties 
of bars sectioned from HK31A-T6 and EK30A-T6 alloy 
castings. 


RANGE—100-HR CREEP LIMITs oF BARS SECTIONED FROM INDIVIDUAL CASTINGS 





Range-Creep Limits, 1000 psi 





Testing 


0.1% Creep 








Compo- Casting Temp., Number 0.1% Creep + Plastic 0.2% Total 0.5% Total 
sition No. F Curves Extension Extension Extension Extension 
HK21A-T6 A 400 2 16.3-16.9 10.6-10.7 9.0-9.2 126-128 
500 2 5.9-6.2 6.1-6.2 5.7-6.1 8.2-8.9 
600 2 2.56-2.70 2.55-2.67 2.69-2.90 3.21-3.65 
650 2 1.09-1.22 1.07-1.20 1.28-1,31 1.49-1.52 
HK3I1A-T6 A 400 2 18.9-19.2 10.3 8.7-8.79 12.7-13.1 
500 l 8.2 7.2 6.6 10.1 
600 2 2.20-2.29 2.18-2.29 2.31-3.07 4.14-4.59 
650 l 1.43 1.47 1.54 1.90 
HK31A-T6 B 400 2 16.0-17.8 9.9-10.1 8.65-9.1 11.4-12.6 
500 l 7.0 6.8 6.2 9.6 
600 l 2.12 2.06 2.63 3.78 
650 l 1.24 1.23 1.39 1.64 
HK21A-T6 Cc 400 4 16.5-18.5 9.2-10.3 8.7-8.9 11.5-12.4 
500 4 6.9-7.3 6.3-6.9 6.4-6.7 8.6-9.1 
600 4 2.35-2.79 2.32-2.76 2.62-3.11 3.38-3.89 
650 4 0.86-1.53 0.85-1.52 1.08-1.57 1.45-1.78 
HK31A-T6 E-1 400 2 16.4-20.2 10.3-10.9 8.8-9.2 12.9-14.5 
600 2 2.10-3.04 2.09-3.02 2.40-3.41 3.23-4.59 
HK31A-T6 E-2 400 2 16.2-18.5 11.0-11.3 9.0-9.6 14.1-14.5 
600 2 3.28 3.28 2.16-3.50 3.45-4.50 
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Fig. 9—Range, 100-hr creep limits. Bars sectioned from 
castings. Tested at 400 F. 






































: ” oa 
5 
4 4 
wo } 
a | 
° 3+ 4 
° 
+4 
! 
” | 
4 | 
e * ] 
” | 
| . E 
le © jelo vr 1 
ele ° el fleleieie| 
tie ' ' ie | 
<|< s is |s $\<|s\s\< 
inj? _ ee lal ” mine 
| |x x x |x x ™N |x |x 
a |=)= = iw jw w w |= iz 
0.1% CREEP 0.1% CREEP + 0.2% TOTAL 0.5% TOTAL 
EXTENSION PLASTIC EXTENSION EXTENSION EXTENSION 


Fig. 11—Range, 100-hr creep limits. Bars sectioned from 
castings. Tested at 600 F. 


between the two alloy compositions or from one cast- 
ing to the other. 

The stress for all bars of a given composition tested 
at a given temperature was plotted against the per 
cent extension in 100 hr for three parameters of creep: 
creep extension, creep plus plastic extension, and total 
extension. These data were then handled in the same 
manner as for the magnesium-rare earth metal-zircon- 
ium alloy castings. 

The range of creep limits of the castings poured in 
the two compositions are compared with similar, pre- 
viously reported data on EK30A-T6, EK31A-T6, and 
EZ33A-T5!° for four parameters of creep at 400 F and 
600 F in Figs. 9 and 11. Data on the two magnesium- 
thorium-zirconium alloys at 500 F and 650 F are com- 
pared in Figs. 10 and 12. These results indicate: 

1. At 400 F the thorium alloys are slightly superior to 
the rare earth metal alloys. 
2. At 500 F the thorium alloys are comparable to the 

rare earth metal alloys at 400 F. 

3. At 600 F the thorium alloys are decidedly superior 
to the rare earth metal alloys. 
4. At 650 F the thorium alloys are comparable to the 

rare earth metal alloys at 600 F. 
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Fig. 10—Range, 100-hr creep limits. Bars sectioned from 
castings. Tested at 500 F. 
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Fig. 12—Range, 100-hr creep limits. Bars sectioned from 
castings. Tested at 650 F. 


5. The 100-hr creep limits shown for HK31A-T6 sepa- 
rately-cast bars in Figs. 2, 3, and 5 fall within the 
ranges shown for bars sectioned from HK31A-T6 
castings in Figs. 9 through 11. 

In order to compare the effect of temperature on 
the creep resistance of the two systems of alloys, a plot 
was made showing the limiting stress which would 
give 0.5 per cent total extension in 100 hr for several 
temperatures for EK30A-T6 and HK3I1A-T6. The 
values plotted in Fig. 13 were the center of the ranges 
for the two alloys shown in Figs. 9 through 12. The 
500 F value for EK30A-T6 is the 0.5 per cent creep 
limit reported by Leontis on separately-cast test bars!’ 
and aids in comparing the two alloys. 

Castings similar to those reported above have been 
made in HZ32A-T5 alloy and an evaluation to com- 
pare tensile and creep results on bars sectioned from 
these castings is being made. The data are not avail- 
able at the present time. It can be expected, based 
upon our experience in comparing similar data on 
separately-cast bars and bars sectioned from castings 
on magnesium-rare earth metal and magnesium- 
thorium alloys, that HZ32A-T5 will show the same 
superiority in creep resistance at elevated tempera- 
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Tas_e 10—ALTERNATE IMMERSION Corrosion Tests IN 39% NACt SoLution. 14 Day TEstT. 
Analysis ' 
No. Range In 
Soluble Insoluble of Corrosion Rate 
Th, % Zr, % Zr, % Fe, % Mn, % Ni, % Sample Source Tests (Mg/cm?/day) 
eal Separately 
2.24 0.63 0.05 <0.001 0.056 <0.001 Cast Test Bars 4 0.193 - 0.215 
Separately 
2.57 0.68 0.04 0.002 0.035 <0.001 Cast Test Bars 8 0.230 - 0.692 
4 _ ” ~ = Casting A 4 0.113 - 0.295 
Separately 
2.65 0.70 0.04 0.002 0.060 <0.001 Cast Test Bars 4 0.207 - 0.229 
= ? i a - " Casting B 4 0.223 - 0.314 
Separately 
1.84 0.63 0.07 0.002 0.062 <0.001 Cast Test Bars 4 0.189 - 0.223 
Separately 
$55 0.69 0.02 0.002 0.012 <0.001 Cast Test Bars 6 0.228 - 0.405 
14 r r - of zinc to produce HZ32A alloy results in a composi- 
tion amenable to this treatment. 
ae | 1 A factor which should be considered in a discussion 
on comparative features of various alloys is the linear 
= 'oF 1 shrinkage obtained in the mold upon freezing. Two 
2 different castings (castings A and B in Fig. 1) were 
° 1 used in obtaining data for such a comparison. The 
© shrinkage figures in Table 11 represent the difference 
5° 1 in the measurements of the pattern and the solidified 
3 casting at given locations. —These measurements were 
ti | 1 made across relatively non-restrained areas of the cast- 
ing. Casting design and the location of sand cores 
a | ] can change these values but the relative differences 
should remain the same. The ternary magnesium- 
o—F00 500 600 700 thorium-zirconium alloys are similar to the ternary 








TEMPERATURE F 


Fig. 13—Effect of temperature on creep resistance of 
HK31A-T6 and EK30A-T6 alloy castings. 0.5 pct total 
extension in 100 hr. 


tures for long periods of time in castings that was 
found when comparing with HK31A-T6 separately- 
cast test bars. 

Miscellaneous—Several samples machined from both 
separately cast test bars and castings in the ternary 
magnesium-thorium-zirconium alloys were tested in 3 
per cent NaC] solution using the very severe alternate 
immersion method of testing. The results of these 
tests are presented in Table 10. The remarkable fea- 
ture which these alloys exhibit is the near absence of 
pitting on the surface of the test piece. This fact, 
coupled with the low corrosion rates, indicates that 
the alloy, when chemically treated and painted, should 
withstand quite severe corrosive conditions before 
breaking down. 

The ternary magnesium-thorium-zirconium and 
quaternary magnesium-thorium-zinc-zirconium alloys 
have been checked as regards chemical treatment. 
They are similar to the magnesium-rare earth metal- 
zirconium alloys in this respect. The following treat- 
ments can be satisfactorily applied: 

1. Dow No. 1 chrome pickle (MIL-M-3171 Type I) 
2. Dow No. 9 galvanic anodize (MIL-M-3171 Type 

IV) 

3. Dow No. 10 sealed chrome pickle (MIL-M-3171 

Type Il) 

The Dow No. 7 treatment (MIL-M-3171 Type III) 
cannot be used on the ternary alloy but the addition 


magnesium-rare earth metal-zirconium alloys as far as 
shrinkage is concerned. 


TABLE 11—-COMPARISON OF SHRINKAGE OF VARIOUS 
MAGNEsIUM ALLoys CAst IN SAND MOLps 














Casting A Casting B 

Average % Shrinkage Average 4% Shrinkage 

Shrinkage Over AZ92A Shrinkage, Over AZ92A 
Composition (in./ft) Alloy (in. /ft) Alloy 
AZ92A 0.141 — 0.133 — 
EZ33A 0.186 32 0.169 27 
EK30A 0.203 44 0.193 43 
HK21A 0.198 40 —_—— — 
HK31A — 0.190 43 





It has been established that the chemical toxicity of 
thorium metal or its alloys is low and presents no 
problem. Radiation striking the body from external 
sources of thorium in the form of magnesium-thorium 
alloy is believed to be less dangerous than that from a 
radium-painted watch dial. The normal precautions 
observed in dust control on any of the magnesium 
alloys, such as adequate collection and the use of dust 
respirators, should be followed in grinding magnesium- 
thorium metal. No interference either in the sending 
or receiving of radio or radar signals is expected from 
any part containing a magnesium-thorium alloy. ~ 


Conclusion 


Three classes of magnesium sand casting alloys cur- 
rently being produced for use in applications such as 
jet engines are (1) magnesium-aluminum-zinc; (2) 
magnesium-rare earth metal-zirconium, and (3) mag- 
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nesium-thorium-zirconium. These classes of magne- 
sium alloys can be listed in increasing order of creep 
resistance as follows: 

1. Magnesium-aluminum-zinc system. 

2. Magnesium-rare earth metal-zirconium system. 

3. Magnesium-thorium-zirconium system. 

The various alloys within each of the first two systems 
are equivalent in resistance to creep. In the third 
system the addition of 2.5 per cent zinc to HK3IA 
alloy to produce HZ32A alloy results in maximum 
creep resistance for long exposure times at tempera- 
tures of 500 F or for long or short time exposure at 
higher temperatures. Limitations of stress and time 
of operation at a given temperature determine the 
specific alloy composition for each application. 

Both the HK type alloys and HZ32A alloy can be 
chemically treated to provide protection during ship- 
ment and storage, and a satisfactory paint base can be 
applied using the standard procedures recommended 
for commercial sand-cast magnesium alloys. 
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Chairman: A. T. Peters, The Dow Chemical Co., Bay City, 
Mich. 

Co-Chairman: W. D. Danks, Howard Foundry Co., Chicago. 

Recorder: M. V. CHAMBERLIN, The Dow Chemical Co., Bay 
City, Mich. 

W. C. Newnams:' 1. Are thorium salts being used to alloy 
thorium with magnesium? 

2. What dangers are involved in handling the thorium metal, 
the thorium salts or the master alloy of 25 per cent thorium 
and 75 per cent magnesium? 

3. What is the required minimum and typical zirconium 
contents of the magnesium-thorium alloys? 

Mr. NELSON: 1. It is possible to reduce thorium halides with 
molten Mg to form Mg-Th alloys. 

2. As indicated in the paper there is no danger in handling 
Mg-Th alloys in alloying, sawing, or machining operations pro- 
vided the normal precautions recommended for all Mg alloys 
are practiced. It can be expected that Th metal can be consid- 
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ered in the same class. Due to the toxic nature of the salts it is 
recommended that adequate precautions be taken to prevent 
their introduction into the body. This would mean good ven- 
tilation, the use of respirators, and the reduction in exposure by 
the use of clean, dust-free clothing. 

3. We have not established minimum Zr contents. However, 
it has been suggested by MEL in Great Britain that 0.55 per 
cent minimum Zr should be maintained. A typical Zr content 
would be 0.70 per cent. In both of the above figures we are re- 
ferring to soluble Zr as defined in the paper. 

P. D. Frost: Have you tried making a hardener from metal- 
lic thorium, rather than from a salt? Have you been able to 
meet the nominal composition by introducing unalloyed metal- 
lic thorium directly into the heat? 

Mr. Netson: Mg-Th hardeners have been produced from 
metallic Th. We have had reasonable success meeting nominal 
compositions using metallic Th as the addition agent. However, 
at the present time and with our present “know-how” we feel 
it much more expedient to produce hardeners for alloying 
purposes rather than adding Th directly to the pots. 

R. A. Wexts:* Mr. Nelson indicated that a master alloy-type 
hardener is prepared, using thorium salts, to be used in the 
preparation of magnesium alloys containing thorium. We would 
be interested in knowing what thorium salts are used, and in 
what form they are used; i.e., are any proprietary salt mixtures 
available for this use? 

Mr. NeELson: As indicated in the reply to Mr. Newhams, 
thorium halides can be reduced by Mg. We are not in a position 
to discuss this fact any further. Proprietary salt mixtures have 
not been made available as far as we know. Mg-Th hardeners 
have been made commercially available. In selling and buying 
Th-containing material it is required by the AEC that those 
involved are licensed by the AEC. 

W. J. Kvayer:* What is the foundry cost of the Mg-Th 
alloy? 

Mr. Netson: This is a rather difficult question to which a 
specific answer can be given because operation costs vary from 
foundry to foundry. Each foundry knowing their operational 
costs and the costs of the raw materials can calculate these total 
foundry costs. The cost of the Th in the form of Mg-Th hard- 
ener will be around $30.00 per pound of Th. 

MemMBeR: 1. Can the loss of the thorium from the molten 
alloy be predicted by the length of the holding time? 

2. How can thorium contamination of an alloy be removed? 

Mr. NELSON: 1. Losses in Th in well prepared melts should 
be due only to losses caused by oxidation of the magnesium. In 
controlled melts this oxidation should be at a minimum at all 
times. It can be expected that the higher holding temperatures 
will result in greater Th losses due to increased oxidation of 
the metal. We have held Mg-3.5Th melts at 1500 F for up to 7 
hr with only a 4 per cent loss in the Th content. 

2. If a Mg-Al-Zn alloy is contaminated with Th the best pro- 
cedure would be to stir the melt thoroughly at 1400 F, cool it 
to around 1250 F and hold in a quiescent condition for 20 to 
30 min. The top three quarters of the melt can then be sal- 
vaged by decanting without agitation leaving the contaminated 
metal in the crucible to be discarded into a sludge pan. 

L. Bapvone:® Mr. Nelson is to be congratulated on an excel- 
lent paper describing the potential advantage of the thorium- 
containing alloys for elevated temperature use in such applica- 
tions as aircraft engines. From a foundry point of view we are 
interested in how these alloys could be expected to behave when 
poured into molds intended for aircraft quality castings. This 
could be vaguely described as the castability of magnesium- 
thorium-zirconium alloys. We do know that when the rare 
earth-containing alloys are compared with the aluminum-con- 
taining alloys there is quite a difference in foundry behavior. 
Compared to the aluminum-containing alloys the magnesium- 
rare earth-zirconium alloys of the EZ33 type are much more 
prone to oxidation during pouring and more sensitive to tur- 
bulence in the gating system because of this increased tendency 
towards oxidation. Consequently much greater care and atten- 
tion has to be taken in the gating and pouring of the rare earth- 
containing alloys. 

A compensation of the rare earth-containing alloys has been 
that they are less subject to shrinkage than the older aluminum- 


2 Battelle Memorial Institute, Columbus, Ohio. 
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containing alloys and consequently the feeding of castings has 
generally been an easier matter. 

We would therefore like to know whether Mr. Nelson can 
compare these characteristics for the thorium-containing with 
those for the rare earth-containing and aluminum-containing 
alloys. 

Mr. Netson: Mr. Badone has done a very excellent job of 
condensing the comparative castability of Mg-Al-Zn and Mg- 
RE-Zr alloys. The Th-containing alloys are similar to the RE- 
containing alloys in that they have a decreased shrinkage ten- 
dency over Al-containing alloys. It appears that the tendency 
of the Mg-Th-Zr alloys to oxidation is increased over that of 
the Mg-RE-Zr alloys. Therefore, even more attention must be 
given to gating and pouring of these 2lloys. 

L. G. Day: * Owing to the difference in chemical composition 
between the well-known magnesium alloys containing aluminum 
and zinc and magnesium-zinc-thorium alloys, there will also be 
a difference between the constitutional diagrams for these alloys 
particularly with reference to the liquidus and solidus lines. 
There may also be a difference in the latent heat of fusion and 
the total heat of the alloys. In view of these potential differ- 
ences, has Mr. Nelson observed any difference in the fluidity or 
mold filling properties between the thorium-bearing alloys and 
the magnesium-aluminum-zinc alloys, and if so, has it been 
found necessary to cast the thorium-bearing alloys at higher 
temperatures than those normally employed for the magnesium- 
aluminum-zinc alloys? 

Mr. Netson: We have poured castings in Mg-RE and Mg-Th 
alloys using the same pouring temperatures and gating tech- 
niques and find no difference in pouring rates. It has been 
observed, in some casting designs, that the Mg-RE alloys are 
less fluid than the Mg-Al-Zn alloys. 

C. C. Hrrcucock:* Does the presence of thorium in alloys of 
the EK30 type have the characteristic of raising the heat treat 
temperature and if so, is the SO, atmosphere sufficient at the 
high heat treat temperature? 

Mr. NELSON: The solidus of the Mg-Th-containing alloys is 
raised above that of the Mg-Al-Zn alloys and accordingly is 
comparable to the EK30 type alloy. In good air-tight heat treat 
furnaces it has been established that a minimum of | per cent 
SO, will adequately inhibit oxidation of the lower melting com- 
pound during the solution treatment. 

M. E. Brooks:* Our foundry has found it necessary, in order 
to prevent pitting of alloys of the EK30A type, to increase the 
SO, content of the heat treat furnace atmosphere from a mini- 
mum of 1 per cent to a minimum of 2 per cent. 

WALTER Bonsack: * In Fig, 3 the author compares the creep 
strength of the two alloys at 500 F. The two curves indicate 
that although alloy HK31A-T6 has higher initial strength than 
the zinc-containing alloy, HZ32A-1T5, it loses it faster and after 
1000 hr has even lower strength. I would like to point out that 
this presentation might be misleading because two different 
alloys are compared in two different heat treated conditions, 
i.e., T6 and T5 condition. The rapid and greater loss of prop- 
erties when alloys are solution heat treated is also common in 
aluminum alloys. In the T5 condition, the loss is usually 
smaller and occurs at higher temperatures. ; 

I would like to know how alloy HK31A behaves in the T5 
condition, and if the other alloy can be solution heat treated, 
how it acts in the T6 condition. 
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Mr. Netson: HK3IA alloy has been spot checked in creep at 
600 F after aging for 16 hr at 600 F—the same treatment given 
HZ32A-T5. The indications are that there is no difference in 
1000 hrs creep resistance between HK31A aged for 16 hr at 
600 F and that solution treated and then aged at 400 F. The 
T6 temper results in the optimum combination of tensile and 
creep strengths. 

The possibility of improving HZ32A by a solution treatment 
prior to aging has been investigated by testing in short time 
tension and in creep for 100 hr. No beneficial effect of the solu 
tion treatment was observed. 

W. E. Sicua:” 1. In connection with the creep data, will 
you define the term “Total Extension”? 

2. It is my understanding that the properties of the mag- 
nesium-thorium alloys at elevated temperatures were for speci- 
mens heated at the testing temperature for short time periods 
prior to testing. What is the effect of longer heating periods 
on the tensile properties? 

Mr. NELSON: We have used three parameters in describing 
creep results. ‘These are: 

1. Creep extension. 

2. Creep plus plastic extension. 

3. Total extension. 

Although we have attached engineering significance to all three 
in the past based upon what we could obtain from the field, it 
now appears that total extension might be the most valuable 
tool. 

Creep extension refers only to that extension obtained after 
the load has been completely applied. The initial deformation 
during loading is neglected. Starting with a zero load and 
until the full load is applied two types of extension can take 
place—elastic and plastic extension. For loads well below the 
yield stress, the initial extension can be considered to be elastic 
only and can be calculated approximately by using the standard 
value of the modulus of elasticity at room temperature, for ex- 
ample, 6.5 million psi. For stresses in the neighborhood of the 
yield strength an additional 0.2 per cent should be added. These 
higher stresses result in permanent extension due to loading 
and is termed plastic extension. Creep plus plastic extension 
then is the elongation obtained after loading plus the permanent 
extension obtained during loading. Total extension is a sum- 
mation of the total loading extension (elastic plus plastic) and 
the extension taking place after the load has been applied. 

Work is not completed on the effect of longer exposure time 
at testing temperatures on tensile and creep properties. It can 
be expected, based upon the reported creep data, that at the 
lower temperatures the effect will be negligible. As the ex- 
posure and testing temperature is increased, some decrease in 
strength properties and creep resistance may be expected. 

Mr. NELSON (Author’s Closure): This paper presents consid- 
erable laboratory data on a new system of magnesium alloys to 
be used in stressed applications operating at elevated tempera- 
tures. Some of these data have been confirmed, based upon 
tests performed on bars sectioned from prototype castings. ‘Tests 
are now underway to ascertain that the alloys will perform 
satisfactorily in test cells and later on in the field. When ade- 
quately proven out, a system of alloys will be offered which 
will make available the application of magnesium for use at 
temperatures as high as 650 F. 

In the new Mg-Th-Zr system of alloys, as in all new develop- 
ments, certain factors will require additional experience and 
possibly development before they can be handled in the foundry 
as easily as the older commercial alloys. It is expected that such 
problems will not be unsurmountable and that these alloys will 
be in production within a relatively short time. 











SOME FACTORS AFFECTING SPHERICAL TYPE 


MACRO-GAS POROSITY IN 


By 


85-5-5-5 BRONZE 


R. B. Fischer* 


ABSTRACT 


The effect of mold materials, binders and coatings on the lib- 
eration of gas in 85-5-5-5 bronze when poured into dry sand 
mold cavities was investigated. Melting methods, degassifying 
and deoxidizing practices were also studied. The observations 
were made on a specially designed casting and the results re- 
corded by photograph. More than 250 test castings have been 
examined. 

Spherical type macro-gas porosity has been observed on 85-5-5-5 
bronze poured into oil bonded silica sand molds. Gassing is the 
result of a metal-mold reaction or direct absorption of gas which 
is liberated upon solidification of the metal. 

Many commercial sand binders were tested. Ounce metal 
poured in pitch-bonded molds showed no spherical type macro- 
porosity. Cement bonded and natural sand molds produced 
castings practically free of the macro-gas porosity. Molds made 
with phenolic, urea, wood resins, etc., gassed ounce metal to 
various degrees of intensity. Graphite coatings containing pitch 
and a special coating containing zircon filler in a resin-volatile 
solvent vehicle inhibited or reduced the gas porosity. These 
coatings gave poorer casting surfaces. 

Lithium was found to be an effective degassifier but was char- 
acterized by higher metal shrinkage. Deoxidizers were tested 
and their relation to shrinkage is shown on a special test cast- 
ing. Metal composition also influences macro gas-porosity. 


Introduction 


Deiivery of molten metal of proper composition to 
the mold with a minimum gas content is recognized to 
be of primary importance in producing sound copper- 
base alloy castings. Gas absorption by molten bronzes 
from furnace atmospheres is widely known to be a po- 
tential source of porosity. Foundrymen are becoming 
aware that even a heat of high melt quality can be 
gassed when the metal contacts the mold. Therefore, 
the effects of the mold material on the quality of 
copper-base alloys is receiving more attention. 

It is natural that copper-base alloys should be 
“gassed” from mold materials because most all molds 
and cores used by foundrymen contain water and/or 
organic binders which “give off” gas and are a source 
for the formation of gas at elevated temperatures. The 
mold gases can be of the same type as those encoun- 
tered in the furnace atmosphere during melting. The 
mold is an ideal mixing unit or container for gas ab- 
sorption or reactions to take place because the metal, 
especially the first metal, that enters is in a turbulent 
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state. The intimate mixing of metal and gas caused 
by turbulence is most likely to occur in the pouring 
basin or gating system but can occur elsewhere in the 
mold if the casting is of intricate design. Whether gas 
absorption or reaction happens is dependent on many 
factors, but among those to be discussed are the com- 
position of the metal, melting methods, type of mold 
material and coating, degassification and deoxidation. 

The data presented are mostly confined to dry sand 
molds and, although various copper-base alloys were 
poured for comparison, the intent was to concentrate 
on 85-5-5-5 bronze because it is one of the common 
commercial alloys. 

The defect observed on production castings and the 
test casting is referred to as spherical gas porosity or 
macroporosity, and is easily seen on a cut or fractured 
section. The holes are usually close to the surface and 
are not visible until surface metal is removed. Gamma- 
ray radiography will show up extreme conditions as 
illustrated by the ounce metal pump casing in Fig. 1. 
This casing is typical of many castings containing the 
defect described when ounce metal is poured into oil 
bonded and baked silica sand molds. Acid metal 
bronze (89.5 pct copper, 8.5 tin, 2 lead, deoxidized 
with approximately 0.07 pct phosphorus) poured into 
the same mold material does not show this type of de- 
fect but it is a more expensive alloy. The ingot price 
is approximately 25 pct more than the 85-5-5-5 alloy. 
The main purpose of the investigation was to find 
methods of eliminating the spherical type macro-gas 
porosity in ounce metal. 


Experimental Procedure 


Figure 2 shows the principal dimensions of the test 
casting. The pouring height was established to simu- 
late the gating of some typical “trouble maker” cast- 
ings. The dimensions of the “bob” (35,-in. dia. x 
9-in. height) were selected to give a test casting that 
would be sensitive to the liberation of the spherical 
type of gas. The 2-in. round stick allowed metal to 
flow through the “bob” and provided for some vent- 
ing since it was open to the air. Some indication of 
the gassiness of the metal could be ascertained by cor- 
relating the solidification shrinkage in the top portion 
of the stick. If pronounced shrinkage was noted, it 
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generally could be concluded that the “bob” was 
either free of the macro-gas porosity or contained only 
a small quantity. The top half of the “bob” was sec- 
tioned by cutting with a saw or cut-off wheel. The cut 
surface was inspected for the presence of macro-gas 
porosity and photographed for record. This method 
was used because of the difficulty of using any other 
technique for identification of the type of defect. It 
was not necessary to examine the entire “bob’’ because 
all gas evolution of the macro type was located only 
in the upper half. It is recognized that some of the 
photographs are not clear. They were selected from 
our practical record file and could not be specially 
prepared for reproduction in this paper as the sam- 
ples were no longer available. 

Except where noted, the heats were made with 
ingot metal (85-5-5-5 bronze; ASTM Spec. B30, Alloy 
4A), to the following specification limits: 

Cu Sn Pb Zn Ni Fe Sb_ § Al Si P 


Min. 84.0 425 4.0 4.5 
Max. 86.0 6.00 5.75 6.0 0.75 0.25 0.25 0.08 None 0.003 0.03 


Heats were melted in four different type furnaces: 
1) indirect-arc; 2) coke-fired; 3) oil-fired; 4) high- 
frequency induction. 

Most of the heats were melted in the indirect arc 
type furnace. Standard melting practice prevailed ex- 
cept in a few instances when melting procedure was 
varied for comparison. After melting and superheat- 
ing to approximately 2300 F, max., the metal was 
tapped from the furnace into a pouring ladle of ap- 
proximately 400 lb-capacity. A zinc addition amount- 
ing to approximately 10 pct of the zinc in the ingot 
was plunged into the metal when the temperature 
dropped to 2200 F or below to make up for loss during 
melting. 

The 85-5-5-5 alloy melts were deoxidized with a 





Fig. 1—Radiograph of 85-5-5-5 bronze pump casing show- 

ing gas porosity. Mold and core material—oil bonded and 

baked No. 60 silica sand. Mold and core coating—graphite 
(water-base) core wash. Casting weight 112 Ib. 
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Fig. 2—Macroporosity test casting and principal 
dimensions. 


ladle addition of 2 oz 15 pct phosphor-copper shot per 
100 lb of metal. The temperature of the metal in the 
ladle just before pouring the molds was approximately 
2100 F, unless otherwise indicated. Temperatures were 
measured with a portable potentiometer, The chromel- 
alumel thermocouple wire was enclosed in a steel tube 
with a graphite immersion tip. The pouring time for 
the test casting is 10-13 sec. 


Effect of Melting Practice 
Gas porosity was observed in all castings when the 
85-5-5-5 alloy was poured into the standard oil bonded 
and baked core sand molds regardless of the melting 
unit or melting practice used. The core sand mix for 
this group of experiments was as follows: 


No. 60 N.J. washed silica sand 

Oil-sand ratio, 1-80 

Cereal 0.5 pct by weight 

Cereal 0.25 pct by weight 
Coating—graphite core wash (water base) 

The molds were baked at approximately 450 F. 

Figure 3 (casting No. 32) shows a macro-etched sec- 
tion of entire “bob” portion of the test casting, which 
is typical for castings poured from the following melt- 
ing units: 

1) Indirect-arc furnace. Over 25 heats were melted 
under standard conditions; all heats showed the ma- 
croporosity. 

2) Coke-fired furnace, no atmosphere control. 

3) Oil-fired furnace; this unit was operated under 
oxidizing and reducing atmospheres without any sig- 
nificant difference noted in macroporosity. The reduc- 
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Fig. 3—Macro-etched section of the entire “bob” portion 

of the test casting showing spherical type macro-gas poros- 

ity typical of 85-5-5-5 bronze. Melted in 1) indirect-arc 

furnace; 2) coke-fired furnace; 3) oil-fired furnace (re- 

ducing and oxidizing atmosphere. Mold material—stand- 

ard oil bonded silica sand. Mold coating—standard graph- 
ite wash. Deoxidation—0.02 pct phosphorus. 


ing flame was judged by its yellow color and the fact 
that it blackened a piece of zinc passed through the 
flame. The oxidizing flame was judged by its green 
color and did not blacken the zinc. 

Figure 4 (casting No. 116) shows the same type of 
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Fig. 4—Alloy 85-5-5-5; melting furnace, high-frequency 

induction; mold material, standard oil-bonded silica sand; 

mold coating, standard graphite wash; pouring temp., 2060 
F; deoxidized, 0.02 pct phosphorus. 


macro-gas porosity obtained with a high-frequency 
induction melting unit. 

Three virgin metal heats were melted in the coke- 
fired furnace, and all three heats showed the gas con- 
dition. 

Two coke-fired ingot heats, treated with | Ib and 2 
lb copper mill scale per 100 lb of metal during melt- 
ing, followed by deoxidizing with 0.02 pct phosphorus 
in the ladle, did not show improvement. 

One coke-fired ingot heat was melted with a flux 
cover consisting of 33 pct borax, 48 pct sand, 19 pct 
copper mill scale (1 lb flux/100 Ib metal) followed 
by deoxidation with 0.02 pct phosphorus, and this did 
not show improvement. 

There was some evidence that an increase in the 
phosphorus content aggravated the gas condition. 
However, it is common practice to add 1-2 oz of 
phosphor-copper per 100 lb of metal to increase fluid- 
ity and give cleaner dross-free castings. 

It was concluded that the castings were being gassed 
from the mold material since none of the methods of 
melting employed produced 85-5-5-5 bronze castings 
free from the macro-gas porosity. 

Various copper-base alloys were poured, using the 
standard test casting and standard core practice, for 











Melting furnace, indirect arc; mold 
material, standard oil-bonded silica 
sand; mold coating, standard graph- 
ite wash; pouring temperature, 2100 
F; deoxidized, 0.02 pct phosphorus, 
85-5-5-5 alloy; and 0.03 pct phos- 
phorus, low zinc-nickel bronze. 
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comparison of gassing with the 85-5-5-5 alloy. The 
results indicate that alloy composition influences ma- 
croporosity. 

Table 1 shows the nominal compositions of the 
alloys tested. Typical results of the gassing propensity 
of these alloys are shown in Figs. 5, 6, 7 and 8. 

The acid metal bronze (casting No. 139) and 11 pct 
tin bronze (casting No. 193, Fig. 7) both practically 
zinc free, did not show the macro-gas porosity. If the 
acid metal bronze is poured into the core sand mold 
without deoxidizing with phosphorus (normal addi- 
tion is 0.08 pct phosphorus) a considerable amount 
of macro-gas porosity occurs. This is shown later 
under discussion of degassifiers and deoxidizers. 

The silicon brass (casting No, 115, Fig. 8), alumi- 
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num-manganese brass (casting No. 135, Fig. 8) and 
low aluminum, low iron manganese brass (casting No 
131, Fig. 8) were free from the macro-gas porosity 
These alloys have a short solidification range and are 
characterized by high shrinkage. All the other alloys 
tested were gassed. Navy “M,” the bearing bronze 
alloy, and the special alloys with 1 pct and 2 pct 
zinc were gassed to a lesser degree. 


Effect of Binders and Mold Materials 


Gas porosity was observed on all 85-5-5-5 alloy test 
castings regardless of the type of bonding oil used. 
Bonding oils were tested from four different compan- 
ies. One company submitted five different brands. In 
addition to brand name oils, straight linseed and tung 





Mn Brass 


* 15 pct grade phosphor-copper shot—ladle addition. 





TaBLe 1—-ComposiTION oF ALLOYS POURED INTO THE STANDARD OIL BONDED AND BAKED No. 60 SILicA SAND MOLp 
Composition, % Observation Cast- 
Alloys Designation : - - = — Melting Deoxidation of Test Fig. ing 
Cu Sn Pb Zn Ni P Si Mn Al Unit Practice* Casting for Gas No. No. 
Ounce Metal Oil fired, 2 oz. P-Cu 
85-5-5-5 ASTM B30-4A 85 5 5§ 5 —- —- —- —_ — indirect-arc, shot /100 Ib Present 5 105 
induction, metal 
Coke fired 
83-4-6-7 ASTM B30-4B- 83 4 6 7 —_ —- —_ —_—_ — Indirect 2 oz. P-Cu Present 195 
arc shot /100 lb 
metal 
Indirect 2 0z. P-Cu 
81-3-7-9 ASTM.  B30-5A 81 $ 7 9 — i a eee arc shot /100 Ib Present 194 
meial 
Navy “M” Indirect 2 oz. P-Cu 
88-6-1.5-4.5 ASTM B30-2A 88 6 35 45 <— — <= «== «== arc shot /100 Ib Present 6 190 
metal 
2 0z. P-Cu 
Special—2%, Zn — 88 5 5 2 —- - —_- —- — Indirect shot /100 Ib Present 6 34 
arc metal 
Indirect 4-6 oz. P-Cu 
Special—1% Zn _ 89 5 5 l — a a ce Se arc 100 Ib Present 6 {2 
Low Zinc Indirect 3-8 oz. P-Cu, 
Nickel Bronze — 875 55 475 05017— —— — arc 100 Ib Present 5 182 
Acid Metal Indirect 8 oz. P-Cu No gas 
Bronze a a Se arc 100 Ib visible 7 #©139 
0.10 1 lb. P-Cu No gas 
11% Tin Bronze - a ee ee ee ee ee ee ee Oil Fired 100 Ib visible 7 198 
0.05 8 oz. P-Cu 
Bearing Bronze — 83.5 8 8 — me CFD a oe Oil Fired 100 Ib Present 6 209 
No gas visible 
Silicon Brass 814 — — 138 4B an ow Induction none High shrinkage 8 115 
No gas visible 
Al-Mn Brass 83 10 5 ee. Induction none High shrinkage 8 135 
Low Al— Low Fe No gas visible 
Induction none High shrinkage 8 131 
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Fig. 6—Test No. 34—alloy 88-5-5-2; 
melted in indirect-arc furnace; poured 
at 2100 F; deoxidized, 0.02 pct P. 
Test No. 42—alloy 89-5-5-1; melted, 
indirect-arc furnace; poured 2100 F; 
deoxidized 0.04 pct P. 

Test No. 190—Navy “M” 88-6-1.5-4.5; 
melted, indirect-arc furnace; poured, 
2100 F; deoxidized, 0.02 pct P. 
Test No. 209—Bearing bronze, 84-8-8 
(0.05-0.19 P); melted, oil-fired fur- 
nace; poured, 2050 F; deoxidized, 
0.08 pct P. 

All test bars poured in oil-bonded sil- 
ica sand molds, standard graphite 
wash. 
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oil were also tested. These offered no improvement, 
and results are shown in Fig. 9. 

Several tests were made leaving the cereal binders 
out of the regular mixture in order to show that the 
oil is the major contributing factor to the gassing of 
the 85-5-5-5 alloy. Typical results are shown in Fig. 
10 (castings Nos. 68 and 69). It is known that CO,, 
CO, H., CH, (methane), and C,H, (ethylene) are 
given off when linseed oil or commercial oils are 
burned in air. It would be difficult to determine the 
nature or percentage of gases evolved from the mold 
into which the metal was poured. But hydrogen is 
probably available and has been found by many in- 
vestigators to be a major cause of unsoundness in 
copper-base alloys. It is logical, therefore, that the 
macroporosity observed could be the result of hydro- 
gen absorption in the metal or a reaction with the 
metal. 

It was early noted that when 85-5-5-5 alloy was 
poured in a pitch-bonded mold that the macro-gas 
porosity was not visible. Figure 1] shows the results 
of pouring ounce metal into pitch-bonded, pitch and 


Fig. 7—Test No. 139—acid metal 
bronze (89.5 Cu, 85 Sn, 2.0 Pb); 
melted, indirect-arc furnace; poured, 
2100 F; deoxidized, 0.07 pct P. 
Test No. 193—Tin bronze (89 Cu, 11 
Sn, 0.10-0.30 P; melted, oil-fired fur- 
nace; poured, 2130 F; deoxidized, e 


0.16 pet P. ae 
Both test bars poured in oil-bonded +. 
silica sand molds, standard graphite Ag 
wash. y 


2:39 








oil bonded, and regular oil-silica sand molds. It is 
believed that the reducing atmosphere resulting from 
the decomposition of the pitch was the major factor in 
the differences observed in these castings. The surface 
of the castings produced in the pitch-bonded molds, 
however, was considerably poorer. More shrinkage 
was observed in the 2 in. round stick portion of the 
test casting in the pitch-bonded mold, which was con- 
sidered an indication that less gas was contained in 
the metal on solidification. 

Cement bonded and natural green sand (Albany 
No. 125) molds showed very little macro-gas porosity. 
The gassing tendency of ounce metal poured in a 
natural sand mold is compared with oil bonded silica 
sand molds in Fig. 12. Shrinkage tears were observed 
in the castings poured in natural sand. Casting No. 
47, poured in the oil-sand mold at approximately 2100 
F, shows more gas than casting No. 48 poured at 2000 
F. All four castings were poured from the same ladle 
of metal. 

Ounce metal poured into a 10 pct cement bonded 
No. 60 silica sand mold is compared with oil-bonded 
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Fig. s—Test bars melted in induction 


furnace; poured in oil-bonded silica 
sand molds; standard graphite wash; 
not deoxidized. 

Test Bar No. 115—Silicon brass 
(81.4 Cu, 13.8 Zn, 4.8 Si). Pouring 
temp., 2000 F. 

Test Bar No. 131—Low Al-low Fe- 
Mn brass. Pouring temp., 1730 F. 
Test Bar No. 135—Al-Mn brass (83 
Cu, 10 Zn, 5 Si, 1 Mn, 1 Al). Pouring 
temp., 1680 F. 
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Fig. 9—Alloy 85-5-5-5 test bars melted in indirect-arc Test Bar No. 247—Poured in linseed oil-bonded silica 
furnace; poured in molds coated with standard graphite sand mold (1-80 ratio). 

wash; pouring temp., 2100 F; deoxidized, 0.02 pct P. Test Bar No. 248—Poured in tung oil-bonded silica sand 
Test Bar No. 246—Poured in oil bonded silica sand mold. mold (1-80 ratio). 


Fig. 10—Alloy 85-5-5-5 test bars 
melted in indirect-arc furnace; pouring 
temp. approx. 2100 F; deoxidized, 
0.02 pct P. 
Test Bar No. 68—Molded in oil and 
sand only (1-80 ratio). 
Test Bar No. 69—Molded in standard 
oil sand mix (0.5 pct and 0.25 pct of 
two cereal binders (by weight). 
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Fig. 11—Alloy 85-5-5-5 test bars melted in indirect-arc 
furnace; mold coating, standard graphite wash; pouring 
temp., approx. 2100 F; deoxidized, 0.02 pct P. 

Test Bar No. 70—Molded in pitch-bonded silica sand 
(4.5 pet pitch by weight). 


sand in Fig. 13. The casting poured in the oil-bonded 
mold shows severe gas porosity. The cement bonded 
mold with an oil-bonded core sand pouring basin 
(casting No. 164) also showed gas, whereas, the cast- 
ing poured with the mold and pouring basin made 
completely of cement bonded sand (casting No. 166) 
did not show gas. The contact of the molten metal 
with the oil sand used for the pouring basin was sufh- 
cient to gas the metal. 

The liquid and powdered phenolic resins (1-2 pct 
added to the sand mix) did not offer any improve- 
ment over the commercial oils as binders in prevent- 
ing the spherical type macro-gas porosity. Phenolic 


Fig. 12—Alloy 85-5-5-5 test bars 
melted in indirect-arc furnace; de- 
oxidized, 0.02 pct P. 

Test Bar No. 45—Molded in natu- 
ral green sand (Albany No. 125); 
pouring temp., 2125 F. 

Test Bar No. 46—Molded in natu- 
ral green sand (Albany No. 125); 
pouring temp., 2000 F. 
Test Bar No. 47—Molded in stand- 
ard oil-bonded silica sand; pouring 
temp., 2090 F. 

Test Bar No. 48—Molded in stand- 
ard oil-bonded silica sand; pouring 
temp., 2000 F. 





Hi: jib 
ca 
Test Bar No. 71—Molded in pitch- and oil-bonded silica 
sand (1-150 oil ratio, 2 pct pitch by weight). 
Test Bar No. 72—Molded in standard oil-bonded silica 
sand. 


resins from four different suppliers were tested. The 
addition of pitch compound, 5 pct by weight, to the 
phenolic resin mixture eliminated the macro-type gas. 
Lesser quantities of pitch in the order of 2-3 pct by 
weight gave variable results depending on the brand 
of phenolic resin used. Figure 14 shows a typical 
illustration. 

The urea formaldehyde type resins gave less macro- 
gas than the phenol type, and less pitch was required 
to eliminate the gas porosity. Figure 15 shows the re- 
sults. Casting No. 213 with 3 pct pitch (by weight) 
in the sand mix shows no visible gas but considerable 


shrinkage. 
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: Fig. 13—Alloy 85-5-5-5 melted in indirect-arc furnace; Test Bar No. 165—Molded in standard oil-bonded silica 
pouring temp., 2100 F; deoxidized, 0.02 pct P. sand (mold and pouring basin). 
Test Bar No. 164—Molded in 10 pct cement* bonded Test Bar No. 166—Molded in 10 pct cement* bonded 


silica sand; standard oil sand pouring basin. silica sand (mold and pouring basin). 
*Cement molds air dried 6 days; oven dried 12 hr at 250 F. 
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Fig. 14—Alloy 85-5-5-5 melted in indirect-arc furnace; Test Bar No. 133—Silica sand bonded with 2 pct pow- 
mo!d coating, standard graphite wash; pouring temp., 2100 dered phenolic resin plus 3 pct pitch compound. 
F; deoxdized, 0.02 pct P. Test Bar No. 134—Silica sand bonded with 2 pct pow- 
Test Bar No. 132—Silica sand bonded with 2 pct pow- dered phenolic resin plus 5 pct pitch compound. 
‘ dered phenolic resin. 
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Fig. 15—Alloy 85-5-5-5; mold coating, standard graphite wash; pouring temp., 
approx. 2100 F; deoxidized, 0.02 pct P. 
Test Bar No. 167—Molded in silica sand bonded with urea type powdered 
resin; melted, indirect-arc furnace. 

Test Bar No. 212—Molded in silica sand bonded with 1.5 pct urea resin plus 
0.5 pct cereal binder plus 1 pct pitch; melted, oil-fired furnace. 
Test Bar No. 213—Molded in silica sand bonded with 1.5 pct urea resin plus 
u.5 pct cereal binder plus 3 pct pitch; melted, oil-fired furnace. 
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Fig. 16 — Alloy 85-5-5-5; pouring 
temp., approx. 2100 F; deoxidized, 
0.02 pct P. 

Test Bar No. 63—Mold, silica sand 
bonded with 3 pct (by weight) natural 
pine wood resin; melt, indirect-arc 
furnace. 


Test Bar No. 75—Mold, silica sand 
bonded with 21 pct organic, vege- 
table, and hydrocarbon powdered 
binder; melt, coke-fired furnace. 
Test Bar No. 170—Mold, silica sand 
bonded with 1 pct (by weight) liquid 
hemi-celullose extract. Melt, indirect- 
arc furnace. 


Test Bar No. 202—Mold, silica sand 
bonded with powdered dextrinized 
clay binder (8.5 pct by vol.); melt, indirect-arc furnace. 
Test Bar No. 211—Mold, silica sand bonded with 3 pct 
mineral and organic type binder. Melt, oil-fired furnace. 


Several other types of commercial binders were 
tested. The natural pine wood thermoplastic resin 
was more free from the macro-gas porosity than the 
others tested. The results are shown in Fig. 16. 


Effect of Mold Coating 


The atmosphere produced in a pitch compound 
bonded mold was beneficial in eliminating the macro- 
gas porosity. Based on this observation, pitch com- 
pound was added to the regular graphite (water base) 
mold coating in varying percentages to observe if simi- 
lar benefits from pitch could be incorporated into a 
core or mold coating. The specially prepared coat- 
ings were applied over the regular oil bonded silica 
sand mold, usually while warm. The coating was 
torch dried if applied on a mold which had been 
allowed to approach room temperature. Care was 
taken not to overheat the coating as the pitch will 
burn. 

Figure 17 shows the beneficial effect of 25 and 50 
pct pitch additions (by weight) to the standard graph- 
ite wash. The coating (approx. 35° Baume) was 
applied to all surfaces in contact with the metal. The 
results show that a pitch addition to the coating will 
eliminate the macro-gas porosity in the 85-5-5-5 alloy. 
Coatings containing pitch give a poorer casting sur- 
face and this corroborates a similar observation made 
on pitch-bonded molds. Further tests made with lesser 
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quantities of pitch in the coating are illustrated by 
Fig. 18. It would appear that quantities less than 15 
pct by weight would not be effective in eliminating 
the gas porosity. However, this could be a variable 
depending on the Baume or thickness of the coating 
applied. Figure 19 shows the importance of coating 
the pouring basin and downgate. 

A special investigation was conducted in 1944 on 
metal flow through gates. It was observed that a con- 
siderable amount of turbulence occurs in the pouring 
basin and downgates. Difficulty was encountered in 
keeping long downgates filled with metal. It was 
noted that the metal stream actually pulled apart near 
the bottom of the mold. These observations were 
made by taking high-speed movies while pouring 
Woods’ metal (a low melting point-high specific 
gravity alloy) at a temperature of approximately 205- 
210 F into a gypsum cement mold faced with lucite. 
This investigation clearly demonstrated that pouring 
basins and downgates could be very vulnerable spots 
for gassing metal because of the intimate mixing of 
gas and metal. 

Sea coal (25 and 50 pct by weight) was also added 
to the regular wash for comparison with pitch. It 
can be seen that sea coal is not as effective as pitch 
(Fig. 20). Also, refer to castings Nos. 95 and 96 of 
Fig. 17 for comparison. 

The gas porosity was eliminated by applying a coal 
tar-pitch base paint (bitumastic solution) on the 
regular mold. The surface of the casting was rough. 

A rubber cement base type of spray coating was not 
successful in overcoming the gas porosity. Other inert 
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Fig. 17—Alloy 85-5-5-5; melt, indirect-arc furnace; mold, 
standard oil-bonded silica sand; pouring temp., approx. 


2100 F; deoxidized, 0.02 pct P. 


Test Bar No. 94—Mold coating, standard graphite wash. 





Test Bar No. 95—Mold coating, 50 pct graphite wash, 
50 pct pitch by weight. 
Test Bar No. 96—Mold coating, 75 pct graphite wash, 25 
pet pitch by weight. 
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types of coating did not offer any improvement over 
the graphite coating. 

A specially prepared coating containing the follow- 
ing ingredients reduced the gas in the 85-5-5-5 alloy 
and eliminated the gas in Navy “M” and the bearing 
bronze alloy (84-8-8-0) on the test casting using the 
regular oil bonded silica sand mix (Figs. 21 and 22). 


Core and mold coating mixture (Baume of 55-60): 

42 qt proprietary material (said to be thermoplastic 
resin carried in a volatile solvent) 

28 qt zircon flour 

4 qt zircon wash 

7 qt water 


This resin-bearing vehicle produces an atmosphere 
which helps inhibit the macro-gas porosity. 
This coating is being used on certain regular pro- 
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Fig. 18—Alloy 85-5-5-5; melt, indi- 
rect-arc furnace; mold, standard oil- 
an bonded silica sand; pouring temp., 
approx. 2100 F; deoxidized, 0.02 pct P. 


seg eae. 


Serie ms ‘ 
ex 7 Test Bar No. 100—Mold coating, 80 
ie ss 4 Me pet graphite wash, 20 pct pitch by 
OSes ge “t weight. 


Test Bar No. 101—Mold coating, 85 
pet graphite wash, 15 pct pitch by 
weight. 


Test Bar No. 102—Mold coating, 90 
pet graphite wash, 10 pct pitch by 
weight. 
Test Bar No. 103—Mold coating, 95 pct graphite wash, 
15 pct pitch by weight. 
Test Bar No. 105—Mold coating, standard graphite wash. 


duction castings of Navy “M” metal and the bearing 
bronze (copper 84.0, tin 8.0, lead 8.0 and phosphorus 
0.05/0.19) alloy which are also susceptible to gassing 
in oil bonded silica sand molds. This coating did not 
work too satisfactorily on the 85-5-5-5 production cast- 
ings because ounce metal is more susceptible to 
macro-type gas. 

Figure 23 shows gas porosity in a bearing bronze 
regulator body production casting poured in Albany 
sand with oil bonded zircon sand cores. The gas por- 
osity in this casting was overcome by using the special 
zircon coating over oil bonded zircon sand cores and 
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a small quantity of pitch (2-3 pct in a synthetic sand 
mix (carbon analysis of the sand averages 1.80 pct 
carbon). The combination of pitch in the molding 
sand and special coating on the cores produced a 
mold atmosphere that prevented the macro-gas poros- 
ity. The external surface of the castings is not as good 
but is satisfactory. 

In general, it can be concluded that a rougher cast- 
ing surface has resulted from the use of mold coatings 


Oo 
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or mold materials that have eliminated the gas poros- 
ity. This may be caused by soot deposits due to type 
of reducing atmosphere produced. A turbulent metal 
condition appears to intensify the roughness which is 
especially prevalent at or near the gate entrance to 
the casting. 


Effect of Degassifiers and Deoxidizers 


The preliminary experiments on ounce metal indi- 
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Fig. 19—Alloy 85-5-5-5; melt, indirect-arc furnace; mold, 
standard oil-bonded silica sand; pouring temp., approx. 
2100 F; deoxidized, 0.02 pct P. 

Test Bar No. 156—Mold coating, standard graphite wash. 
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Fig. 20—Alloy 85-5-5-5; melt, indirect-arc furnace; mold, 
standard oil-bonded silica sand; pouring temp., approx. 
2100 F; deoxidized, 0.02 pct P. 

Test Bar No. 94—Mold coat, standard graphite wash. 
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Fig. 21—Test Bars No. 120 and 121—Navy “M” (86.5- 
6.0-1.5-4.5) alloy; melt, coke-fired furnace. Test Bars No. 
124 and 125—alloy 85-5-5-5; melt, indirect-arc furnace. 
All four test bars; mold, standard oil-bonded silica sand; 
pouring temp., approx. 2100 F; deoxidized, 0.02 pct P. 
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Test Bar No. 157—Mold coat, 75 pct graphite wash, 25 
pct pitch by weight (entire mold coated). 

Test Bar No. 158—Mold coat, 75 pct graphite wash, 25 

pet pitch by weight (downgate and pouring basin only). 
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Test Bar No. 97—Mold coat, 50 pct graphite wash, 50 pct 
sea coal by weight. 

Test Bar No. 98—Mold coat, 75 pct graphite wash, 25 pct 
sea coal by weight. 
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Test Bar No. 120-—Mold coat, standard graphite wash. 
Test Bar No. 121—Mold coat, zircon fillers in proprietary 
vehicle (thermoplastic resin in a volatile solvent). 
Test Bar No. 124—Mold coat, zircon fillers in proprietary 
vehicle (thermoplastic resin in a volatile solvent). 
Test Bar No. 125—Mold coat, standard graphite wash. 
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cated that gassing appeared to be slightly aggravated 
by an increase in phosphorus. 

However, the acid metal composition (copper 89.5, 
tin 8.5, lead 2.0) when poured into the standard oil- 
bonded mold showed a considerable amount of gas 
without phosphorus, and was free of macro-gas poros- 
ity after an addition of 0.07 pct phosphorus was made 
(Fig. 24). The 2 in. round stick portion of the test 
casting poured befcre the phosphorus addition showed 
mushrooming. A good shrink was noted in the casting 





Fig. 23—Regulator 
bearing bronze alloy (84 Cu, 8 Sn, 8 
Pb); core mix, oil-bonded zircon sand; 
pouring temp., 2025 F; deoxidized, 
0.08 P. 
Lett—Mold, No. 125 Albany sand; 
core coat, standard graphite wash. 


body castings; 


Right—Mold, synthetic green sand 

(2-3 pct pitch by weight); core coat, 

zircon fillers in proprietary vehicle 

(thermoplastic resin in volatile sol- 
vent ). 
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treated with 7 oz of phosphor-copper shot per 100 Ib 
of metal. 

Ladle additions of lithium eliminated the macro- 
gas porosity in the 85-5-5-5 alloy and the nickel-bronze 
alloy (copper 87.5, tin 5.5, lead 4.75, zinc 0.50, nickel 
1.75). These were the only alloys to which lithium 
was added. 

The lithium was added in the form of lithium-zinc 
master alloy (containing approximately 2 pct lithium- 
98 pct zinc) and lithium cartridges (metallic lithium 














Fig. 22—Bearing bronze alloy (84 
Cu, 8 Sn, 8 Pb, 0.05-0.19 P_); melt, oil- 
fired furnace; mold, standard oil- 
bonded silica sand; pouring temp., 
2050 F; deoxidized, 0.08 pct P. 
Test Bar No. 208—Mold coat, zircon 
fillers in proprietary vehicle (thermo- 
plastic resin in a volatile solvent). 
Test Bar No. 209—Mold coat, stand- 
ard graphite wash. 


Fig. 24—Acid metal bronze alloy 
(89.5 Cu, 8.5 Sn, 2 Pb); melt, indirect- 
arc furnace; mold, standard oil-bonded 


silica sand; mold coat, standard 
graphite wash; pouring temp., 2100 
F. 


Test Bar No. 138—Deoxidizer, none. 
Test Bar No. 139—Deoxidizer, 0.07 
pet P. 
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aE Sas AS 8 sae ES a Fig. 25—Alloy 85-5-5-5; melt, indi- 
3h p rect-arc furnace; mold, standard oil- 
. : - bonded silica sand; mold coat, stand- 
: : ard graphite wash; pouring temp., 
approx. 2100 F; deoxidized, 0.02 pct 
P added before lithium. 
Test Bar No. 171—Degassification, 
none. 
Test Bar No. 172—Deg§assification, 
1.5 lb Li-Zn per 100 Ib metal plunged 
into metal and poured (Li added in 
form of master alloy—98 Zn, 2 Li). 
ivi 172 
a * eres! “9° sea ikiiinent enetinniainas. existe il 
; 
Fig. 26—Alloy 85-5-5-5; melt, indi- 
rect-arc; mold, standard oil-bonded 
silica sand; mold coat, standard graph- 
ite wash; deoxidized, 0.02 pct P 
added before lithium. : 
Test Bar No. 173—Pouring temp., 
2125 F; degassification, none. “4 
Test Bar No. 174—Degassification, 17 3 17 4. 
1.5 lb Li-Zn per 100 Ib metal plunged 
into metal and poured. 2 SS Te ee - — ™ 
Test Bar No. 175—Pouring temp., ri ; rss . : 
2020 F; degassification, 3 min holding . 
time in ladle after Li added. cz : 
Test Bar No. 176—Pouring temp., ‘ 
1960 F; degassification, 6 min holding - 


time in ladle after Li added. 


i 75. 


in hermetically sealed copper tubing). The lithium 
cartridges are available in 9.0 grams, 4.5 grams, 2.25 
grams of metallic lithium corresponding to 0.02, 0.01 
and 0.005 pct lithium additions per 100 Ib of metal. 
Lithium is classed as a deoxidizer and degassifier since 
it reacts with hydrogen and other gases as well as with 
oxides, sulphides, etc., while phosphorus is classed 
only as a deoxidizer. 

The tests made with the lithium-zinc master alloy 
on the 85-5-5-5 alloy are shown in Fig. 25. 

Casting No. 172 treated with approximately 0.03 
pet lithium showed no evidence of gas. However, the 
cut surface showed numerous discolored brown spots 
(not visible on photo) which were believed to be 
due to a reaction between the residual lithium or 
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lithium compound in the casting with the coolant 
used in cutting the sample. An alkaline hydroxide 
was probably formed which caused localized corro- 
sive attack. 

Figure 26 shows the results of an experiment to de- 
termine the effect of holding time after the lithium 
addition on the gas porosity. Casting No. 173 was 
poured after deoxidizing with 0.02 pct phosphorus 
(pouring temperature 2125 F). The lithium-zinc alloy 
(11% Ib per 100 Ib of metal—0.03 pct lithium) was 
plunged into the remaining metal and the test casting 
poured at 2080 F. There was no evidence of gas (cast- 
ing No. 174). After holding the metal for 3 min, cast- 
ing No. 175 was poured (pouring temperature 2020 
F, which showed a slight amount of gas. After hold- 
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ing the metal for 6 min, casting No. 176 was poured at 
approximately 1960 F. The metal barely flowed to the 
top of the 2 in. round stick portion of the casting, and 
some of the defects noted may be due to sluggishness 
of the metal. A tarnished surface was again observed 
on the lithium-treated castings. 

Figure 27 shows other results obtained with various 
percentages of lithium added to the ladle after de- 
oxidizing with 0.02 phosphorus. Lithium cartridges 
were used, wired to a piece of angle iron and plunged 
to the bottom of the ladle. 

Effective degassification was obtained even with a 
0.005 pct lithium addition, and less discoloration was 


Fig. 28—Effect of lithium on shrinkage; test bar 4-in. 
diam. by 10-in. height, top gated (3/4-in. diam. gate). 
Alloy 85-5-5-5; melt, indirect-arc furnace; mold, oil-bonded 
zircon sand; mold coat, standard graphite wash; pouring 
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Fig. 27—-Alloy 85-5-5-5; melt, coke- 
fired furnace; mold, standard oil- 
bonded silica sand; mold coat, stand- 
ard graphite wash; deoxidized, 0.02 
pct P added before lithium; pouring 
temp., approx. 2100 F. 

NHR Test Bar No. 177—Deg§assification, 

NM none. 
Test Bar No. 178—Degfassification, 
0.01 pct Li (4.5 gr. Li cartridge per 

100 Ib metal ). 

Test No. 179—Deéfassification, 0.02 

pet Li. 
Test Bar No. 181—Degassification, 

0.03 pet Li. 


1 


noted with the smaller quantity. Shrinkage has been 
noted in the 2-in. round stick portion of the casting in 
all test castings where the macro-gas porosity has been 
eliminated. 

To obtain a relative picture as to the effect of 
lithium on shrinkage a more sensitive test casting was 
used. This casting, also made in core, is 4-in. in dia. 
x 10 in. high, and is gated directly into the top with a 
34, in, dia. gate (gate height approximately 6 in.). The 
results are shown in Fig. 28. No attempt was made to 
analyze for residual lithium. Lithium has been used 
as a means of degassification on production castings, 
but on intricate castings showing abrupt changes in 


temp., 2100 F; deoxidized, 0.02 pct P added before 
lithium. 
Test Bar No. 5—Deégassification, none. 
Test Bar No. 6—Deéfassification, 0.003 pct Li. 
Test Bar No. 7—Degassification, 0.007 pct Li. 
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Fig. 29—Effect of mold ma- 
terial on shrinkage; test bar 
4-in. diam. by 10-in. height, 
top gated (3/4-in. diam. gate). 
Alloy 85-5-5-5; melt, indirect- 
arc furnace; deoxidized, 0.02 
pet P. 
Test Bar No. 12—Mold, syn- 
thetic green sand containing 
2-3 pet pitch; pouring temp., 
2120 F. 





- Lae Test Bar No. 13—Mold, nat- 
ural sand (Albany No. 125); 
pouring temp., 2120 F. 
42 yD 
a =" EN ie AME 012 
- Test Bar No. 14—Mold, — sa ’ 
F pitch-bonded silica sand; "ey ee SR ieee 
pouring temp., 2110 F. AES Citic. : . 


Test Bar No. 15—Mold, oil- 

bonded zircon sand; pour 

temp. 2110 F; mold coat, 
standard graphite wash. 
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| iste ; Agee standard oil-bonded silica 
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o es A door atk mold coat, standard graphite 

= Ae iyo. wash. 


Test Bar No. 17— Mold, 
oil-bonded zircon sand; pour- 
ing temp., 2000 F; mold coat, 
standard graphite wash. 17 | 








thetic, natural sand and pitch-bonded molds, which 
agrees with our standard gas porosity test cited pre- 
viously. The oil-bonded zircon and No. 60 silica sand 
mold poured at approximately 2100 F shows the 
macro-gas porosity. The zircon mold poured at 2000 
F does not show macro-gas porosity, but does show 
some shrinkage. Considerable segregation was noted 
in the green sand samples. Comparative analyses of 


section shrinkage tears similar to that shown on cast- 
ing No. 7 were observed. It is quite obvious that 
lithium-treated metal is characterized by high shrink- 
age, and it is necessary to take this into account in 
the gating and risering of castings so that proper feed- 
ing is accomplished. 

A number of these 4 in. round x 10 in. shrinkage 





test specimens have been made on several bronze 
alloys poured into various mold materials. Several 
photographs are shown to illustrate the results ob- 
tained on ounce metal mainly to emphasize how easily 
copper-base alloys can be influenced by minor changes 
in mold materials and additions. Figure 29 shows the 
relative shrinkage and gas occurrence of the 85-5-5-5 
alloy cast in various sand mixtures. No macro-gas 
porosity was observed in castings poured in the syn- 


the segregated button on casting No. 13 and the main 
body of the castings showed the following: 


Cu Sn Pb Zn P Ni Fe Sb 
Button 71.08 12.89 13.53 1.48 0.01 0.72 0.23 0.08 
Body of 
Casting 86.84 4.31 3.86 4.35 0.01 0.45 0.17 0.07 


The ingot metal for these castings was melted in 
the indirect-arc furnace; deoxidized with 0.02 pct P. 
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Figure 30 shows the effect of minor ladle additions 
of manganese, aluminum and magnesium on shrink- 
age and gassing tendency of the 85-5-5-5 alloy in oil- 
bonded core sand molds. Ingot metal was melted in 
the indirect-arc furnace. Casting No. 20, deoxidized 
with 0.02 pct phosphorus, represents standard condi- 
tions and is gassed. The additions of 0.2 pct alumi- 
num and 0.10 pct magnesium have greatly affected the 
amount of shrinkage, and give results from this stand- 
point similar to the lithium-treated castings. The 
aluminum-treated casting No. 22 shows a considerable 
amount of piping, and gross shrinkage porosity be- 
neath this pipe. The manganese-treated casting No. 
21 shows evidence of segregation. 

The additions of manganese to 85-5-5-5 alloy were 
further explored, and the results shown in Fig. 31. 
Casting No. 24 represents standard metal and mold 


Fig. 30—Effect of minor ladle additions of Mn, Al, and 
Mgég on shrinkage and gassing tendencies; test bar 4-in. 
diam. by 10-in. height, top gated (%%-in. diam. gate). 
Alloy 85-5-5-5; melt, indirect-arc furnace; mold, oil-bonded 
zircon sand; mold coat, standard graphite wash. 
Test Bar No. 20—Deoxidized, 0.02 pct P; pouring temp., 
approx. 2100 F. 
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conditions and shows the macro-gas porosity. Som« 
segregation was noted on all manganese-treated cast- 
ings. Standard test bars were poured representing the 
base metal and the 0.20 and 0.50 pct manganese addi 
tions with the following results: 


Manganese Tensile Str., Elongation 


Bar No. Additions* psi % in 2in 
85-5-5-5 
ASTM B62-49 Min. 30,000 20 
571 None 41,000 28 
682 0.20% 38,000 23 
793 0.50%, 35,000 15 


* Actual analysis for manganese was not made. 


The test bar poured with the 0.50 pct manganese 
addition was below the minimum requirements of the 
ASTM specification for elongation. 


Test Bar No. 21—Deoxidized, 0.02 pct P plus 0.20 pct 
Mn; pouring temp., approx. 2100 F. 
Test Bar No. 22—Deoxidized, 0.02 pct P plus 0.20 pct Al; 
pouring temp., approx. 2100 F. 
Test Bar No. 23—Deoxidized, 0.02 pct P plus 0.10 pct 
Mg; pouring temp., 1990 F. 
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Fig. 31—Effect of Mn addition; test 

bar 4-in. diam. by 10-in. height, top 

gated (34-in. diam. gate). Alloy 85-5- 

5-5; melt, indirect-arc furnace; mold, 

oil-bonded zircon sand; mold coat, 

standard {graphite wash; pouring 
temp., approx. 2100 F. 

Test Bar No. 24—Deoxidized, 0.02 

pet P. 

Test Bar No. 26 — Deoxidized, 0.02 
pet P plus 0.10 pct Mn. 

Test Bar No. 27 — Deoxidized, 0.02 
pet P plus 0.20 pct Mn. 

Test Bar No. 28—Deoxidized, 0.02 
pet P plus 0.35 pct Mn. 

Test Bar No. 29 — Deoxidized, 0.02 
pet P plus 0.50 pct Mn. 


An addition of 0.25 pct titanium (added in the 
form of 25 pct titanium-copper alloy) to the 85-5-5-5 
alloy under standard conditions gave high shrinkage 
similar to that observed in the lithium, aluminum and 
magnesium-treated metal (Fig. 32). 

These particular tests were included mainly to em- 
phasize that residual quantities of certain elements 
can exert a tremendous influence on the casting char- 
acteristics of bronze alloys. 

Foundries melting many different alloys have a 
scrap segregation problem. An error in mixing even 
small quantities of scrap of one metal with another 
metal may be very harmful, and considerable amounts 
of time and money may be spent in an effort to over- 
come some of the difficulties that could arise. 

Lithium (0.01 pct lithium addition) was also effec- 
tive in eliminating gas in the low zinc-nickel bronze 
alloy (Fig. 33). The standard shrinkage test (4 in 
round x 10 in. high) on this particular alloy was not 
poured, but a relative difference in shrinkage can be 
observed on the top of the 2 in. round stick portion 
of the gas porosity test casting. 

Degassing the 85-5-5-5 alloy with dry nitrogen gas 
was not successful (Fig. 34). The treatment with an 
inert gas was not expected to work since gassing of the 
alloy takes place in the mold cavity. The test was in- 
cluded to give further proof of this fact. 

It is generally considered that gases in bronze are 
deleterious. However, the presence of small quanti- 








ties of gas may be beneficial for inadequately fed cast- 
ings because shrinkage porosity will be distributed 
more uniformly throughout the casting, resulting in a 
higher percentage of pressure-tight castings. 

A recent experience can be cited along a similai 
line pertaining to a shell molded pump impeller (ap- 


proximately 5 in. dia.—5 bladed, closed type) poured 
from Navy “M.” Due to the complexity of the part, 
the casting was inadequately fed and shrinkage cracks 
resulted at base of the back shroud and vanes. Shrink- 
age cracks at these critical locations were eliminated 
by gassing the metal. This was done by pouring on 
top of a prescribed amount of charcoal which was 
placed at the bottom of the ladle with the phosphor 
copper. 

Test bars were poured from metal representing 
standard melting practice and metal from the same 
melt gassed with charcoal. The type test bar used 
(machined to 0.505 in. dia.) is shown in Fig. 35, and 
the results of tensile tests are shown in Fig. 36. Cer- 
tainly no one would accept the impeller with the 
shrink cracks, but how many would know that the 
crack-free impeller was gassed. It should not be mis- 
construed from the example cited that gassing of 
metal is advocated. 

It is possible that a good many bronze castings are 
gassed either from the melting atmosphere or mold 
atmosphere. To what degree, or whether the gassing 
is beneficial or harmful for the use intended for a 
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Fig. 34—Degassification with dry ni- 

trogen gas; alloy 85-5-5-5; melt, oil- 

fired furnace (oxidizing flame); mold, 

standard oil-bonded silica sand; mold 

coat, standard graphite wash; deoxi- 
dized, 0.02 pct P. 

Test Bar No. 204—Pouring temp., 
2100 F; degassification, none. 
Test Bar No. 205—Pouring temp., 
2120 F; degassification, metal flushed 
with dry nitrogen gas for 3 min at 
0.67 cu. ft per min. Phosphorus added 
after flushing. 
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Fig. 32—Effect of titanium additions; test bar 4-in. diam. 

by 10-in. height, top gated (34-in. diam. gate). Alloy 

85-5-5-5; melt, indirect-arc furnace; mold, oil-bonded zircon 

sand; mold coat, standard graphite wash; pouring temp. 

2100 F; deoxidized, 0.20 pct P plus 0.25 pct Ti added in 
form of Ti-Cu alloy (25 pct Ti). 


particular casting, is difficult to determine. Certainly 
more exacting standards are going to be placed on 
producers of bronze castings with the increased use of 
radiography. All of us will have to know more about 
the behavior of various bronze alloys poured into 
mold cavities. 

It is quite obvious that this paper does not cover 
all factors to be considered in the problem of making 
sound castings. Some of the data presented have been 
used to advantage in making sounder production cast- 
ings. Every alloy, and every type of mold presents 
numerous problems to the casting producer. It is 
hoped that this paper will stimulate further interest 
and thinking regarding the compatability of various 
metals and mold materials. 


Fig. 33—Effect of lithium addition; 

low zinc-nickel bearing bronze (87.5 

Cu, 5.5 Sn, 4.75 Pb, 0.5 Zn, 1.75 Ni); 

melt, indirect-arc furnace; mold, stand- 

ard oil-bonded silica sand; mold coat, 

standard graphite wash; pouring 

temp., approx. 2100 F; deoxidized, 
0.03 pet P. 

Test Bar No. 182—Degassification, 

none. 

Test Bar No. 183—Degassification, 

0.01 pet Li. 














on §, = 2% “134 D4 . 

+2. - ; 5 : 

a Oe, Odi vag 
et -* ¢ ae MP he ; et a oe" a..s 4 ® 
' - ‘ ? ° Pe > 
x « - so e Pid o «@ * E. e ‘ oye trate t “eo, 
‘ : . . >. ? 
J . <6 > -_ See : . 7. oe | 
: o* “ - ? s : . 














R. B. FIiscHER 


Conclusion 

1. Macroporosity of the spherical type was observed 
on all test castings in which ounce metal was poured 
into oil bonded silica sand molds. This gas occurred 
regardless of the type of melting unit or melting prac- 
tice employed or type core oil used for a binder. 

2. The porosity is believed to be the result of a re- 
action between the gas evolved from the mold and 
metal or direct absorption of the gas which is liber- 
ated on solidification. 

3. a) The ounce metal poured into a pitch-bonded 
mold was free from macro-gas porosity, probably due 
to the difference in mold atmosphere produced by the 
pitch. 

b) Castings produced from cement bonded and 
natural green sand molds were practically free of 
macroporosity. 

c) Molds bonded with natural wood resin and 
urea resins appeared to be better from the gassing 
standpoint than the oil-bonded molds. 

d) Phenolic resin molds gassed the castings as 
severely as the oil-bonded sand. Additions of pitch, 
3-5 pct by weight reduced or eliminated the macro- 
gas porosity. 

e) The following miscellaneous binders showed 
rather severe gassing: 

1) Liquid and dry hemicellulose extract. 

2) Organic binder comprised of pure hydrocar- 

bon and organic vegetable binders (dry). 

3) Mineral and organic type (dry binder). 

4) Dextrinized clay proprietary binder. 


Fig. 35—-Standard type test bar for bronze alloys; mold, 
standard oil-bonded silica sand; mold coat, standard 
graphite wash. 
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Fig. 36—Results of tensile tests on test bars shown in 
Fig. 35. Alloy Navy “M” (USN Spec. 46B8); melt, coke 
fired furnace. 

Test Bar No. 1—Deoxidized, 0.02 pct P. 

Test Bar No. 2—Deoxidized, 0.02 pct P; metal gassed by 
pouring on top of charcoal added with phosphorus in ladle. 


Tensile Elong., 
Strength,* % in. 2 in. Density 
psi 
USN Spec. 46B8 min. 34,000 22.0 ~~ 
Test Bar No. 1 47,250 53.0 8.74 
Test Bar No. 2 29,250 15.0 8.23 


* Average of two test bars. 


4. a) Graphite water-base coatings containing at 
least 15 pct pitch compound by weight successfully in- 
hibited the formation of the macro-gas porosity when 
applied over an oil-bonded sand mold probably be- 
cause of its effect on the mold atmosphere. 

b) Sea coal additions to the graphite wash were 
less effective than pitch. 

c) A coal tar pitch base paint inhibited the gas 
porosity. 

d) A rubber cement base type of spray coating 
did not inhibit the gas. 
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e) A special coating containing zircon filler, 
water, and a proprietary vehicle (said to be a thermo- 
plastic resin carried. in volatile solvent) reduces the 
gassing considerably. The atmosphere produced by 
the vehicle appears to be beneficial. 

f) Other inert type coatings did not offer any 
improvement over the regular graphite coatings. 

g) All types of coatings used to inhibit gas appear 
to give poorer casting surfaces. 

5. Certain other copper-base alloys poured into the 
standard oil bonded silica sand mold were free from 
the macro-gas porosity. These included the acid metal 
bronze and 11 pct tin bronze, both substantially zinc 
free, and the high shrinkage brasses—silicon brass, 
aluminum-manganese brass, and low aluminum-low 
iron manganese brass. 

6. a) Lithium metal additions inhibited the forma- 
tion of spherical type gas porosity in ounce metal, and 
the low zinc-nickel bronze poured into oil bonded 
silica sand molds. The lithium-treated metal was char- 
acterized by more shrinkage, which must be considered 
in gating and risering castings. 

b) Small additions of aluminum, magnesium and 
titanium increase the shrinkage of ounce metal. Man- 
ganese additions caused segregation. 

c) Degassing with dry nitrogen was ineffective. 
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DISCUSSION 


Chairman: W. B. Scott, National Bearing Div., American 
Brake Shoe Co., Meadville, Pa. 

Co-Chairman; R. A, Cotton, Federated Metals Div., Ameri- 
can Smelting & Refining Co., Barber, N. J. 

Recorder: J. F. KLEMENT, Ampco Metal, Inc., Milwaukee. 

CHAIRMAN Scott: Often we have ascribed gassed metal to 
the conditions of melt. However, the author affords food for 
controversy in offering well substantiated evidence as to the 
singularly adverse role played by the oil-sand core. The mechan- 
ics of the reaction would seem to be over-simplified in offering 
the pitch-binder atmosphere as an explanation of the improved 
performance of that material. It would seem to this com- 
mentator that the significance of the rougher surfaces resulting 
from the pitch-bonded cores is important and might well be 
investigated further. To my knowledge no one has ever sug- 
gested that smooth surface castings would have a less sound 
internal structure. Personal observations on shell molded and 
metal molded castings have suggested this as a_ possibility, 
when working with 85-5-5-5 metal and related alloys. 

It was encouraging to have the author report that the sus- 
ceptibility to this spherical macro-gas porosity varied with the 
alloy. It would appear that the mechanics of the mold-metal 
interface reaction is more complex than is generally appreciated.” 

J. J. Uprcren:* Do you feel that a less turbulent gating sys- 
tem would tend to eliminate some of this porosity? 

Mr. FiscHer: A less turbulent gating system might have a 
minor influence on the amount of gas porosity but would not 
be the prime factor in the elimination. Two methods of gating 
other than that shown in the paper were tested. (1) Using an 
extreme choke at the bottom which helped only slightly. (2) 
Using a step gate or second gate into the top of the bob where 
the gas is observed with a flow off into the 2-in. round. This 
method did not offer any improvement. 

Co-CHAIRMAN Corton: 1. According to the paper, the gas 
porosity found in the castings is directly attributable to the oil 
in the dry sand mold. Apparently the oil breaks down under 
temperature and forms gaseous materials which are then ab- 
sorbed by the metal. Pitch is directly related to oil in that both 
are hydrocarbons. Generally speaking, the principal difference 
is that pitch is made up of heavier compounds. Why in one case 
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does oil cause gas porosity and in the second case pitch prevent 
it, if we are dealing with two similar substances. It would seem 
that pitch would also produce gaseous substances similar to 
those produced when molten metal comes in contact with oil. 
Is there an explanation for this difference in behavior? 

2. I wonder if the author has any explanation as to why 
various alloys behave differently in producing gas porosity with 
pitch and without it in the sand. In other words, has any work 
been done to indicate which of the various components of the 
alloys is responsible for picking up gas. It would seem worth- 
while to make up alloys leaving out one of the ingredients in 
each case and see whether or not this behavior can be attributed 
to the presence of one of the component metals. 

3. In several places the author has mentioned tliat the castings 
made with pitch-bonded sand had decidedly poorer surface ap- 
pearance than those made without the pitch in che sand. The 
same castings, however, were free of gas porosity uf the type 
described in the paper. It is my opinion that this poor surface 
on the castings can be attributed to the presence of reducing 
gases in the mold which permits penetration of the sand, on a 
local scale, by the metal. In other words, if metal oxides form 
readily in the mold, there is considerable resistance to penetra- 
tion because of lower fluidity. On the other hand, with the pres- 
ence of reducing gases it is entirely possible the oxide formation 
is retarded and fluidity thus increased enough so that the metal 
penetrates between the sand grains, giving a rough surface to 
the castings. 

This falls in line with observed behavior that fluidity of 
metals in general is related to the presence of metal oxides in the 
liquid. A similar circumstance would be the casting of high 
lead bronzes that have been thoroughly deoxidized with phos- 
phorus. If this is the case, severe penetration occurs and the 
casting surface is usually very rough. If on the other hand no 
deoxidizer is used, the castings are usually fairly smooth when 
they come from the sand. As a corollary of this, when the 
castings are smooth the metal is usually gassed, and when the 
surface is rough the metal is usualy sound. This, of course, is 
related to the presence of phosphorus which in one case has re- 
moved most of the oxygen and in the other case has not. 

Mr. Fiscuer: 1. The gas porosity observed was not only 
attributed to core oil but to other binders as well—pitch ex- 
cepted. Analyses were not made of the gases given off from the 
various binders used but such analyses may throw some light 
on the gas or gases which might be harmful to the 85-5-5-5 
metal. It has been shown by Volenik* that when cores bonded 
with linseed or commercial core oils are burned in air or nitro- 
gen approximately 22 to 30 per cent CO,, 26-36 per cent CO, 
6-21 per cent Hy, 12-27 per cent CH, and 7-15 per cent C,H, is 
given off. It was definitely observed that the gases coming off 
the pitch-bonded molds appeared denser and had a dark gray 
color. The gases given off from the oil-bonded molds appeared 
much less dense and were a light gray color. Carbon residue or 
soot deposits were prevalent in certain locations of the castings 
poured from pitch-bonded molds, while there were no carbon or 
soot deposits observed in molds made from oil-bonded sand. It 
is assumed from these general observations that the analyses of 
the gases coming from each mold would be quite dissimilar 
although both materials are considered to be hydrocarbons. 

2. Some work was done in reducing the percentage of zinc in 
the 85-5-5-5 alloy. Alloys were made with 2 per cent and | per 
cent zinc. It was thought that a slight improvement could be 
noted with the | per cent zinc. The reason for selecting zinc as 
the component to reduce was based on the fact that the acid 
metal composition and 11 per cent tin bronze (see Table 1) 
which are practically zinc free did not show the spherical type 
macro gas porosity. Zinc alone does not appear to be the main 
deleterious component because the bearing bronze containing 
only residual zinc, 8 per cent tin and 8 per cent lead was also 
gassed similar to the 85-5-5-5 composition. The acid metal 
bronze also containing approximately 8 per cent tin but only 2 
per cent lead, is gas free. It would appear that the effect of 
different alloys is quite complex and would require a time con- 
suming, costly, but interesting research program to get concrete 
data on the effect of the various components. 

8. The roughness observed on the castings should have been 
more thoroughly described. It was not due to metal penetration 
into the sand as mentioned in Mr. Colton’s discussion. The 
roughness was attributed to a collection of soot at localized 
areas which caused pock marks or depressions in the casting. 
There was no adherent sand in these locations. 

1 Foundry Manager, Northern Ordnance Inc., Minneapolis. 


* ‘Measurement and Investigation cf Gases Escaping From Oil Cores,” 
by Vojtech Volenik, Transactions, AFA, vol. 54, p. 86 (1946). 
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PLASTER-BONDED INVESTMENT 


H. Rosenthal* and S. Lipson* 


ABSTRACT 


In order to utilize a moist foamed-typed investment previously 
developed for aluminum alloys, a suitable refractory precoat was 
needed. This work shows that such a precoat is one containing 
0.2 per cent agar in a water-mixed solution with the standard 
70:30 silica-gypsum investment. The effect of the agar was to 
thicken the slurry so that a dipped pattern is completely covered 
without appreciable loss by drainage. 

Because of the interesting properties of agar, the experimental 
work was extended to cover its addition to standard nonferrous 
investment. It was found that 0.1-0.2 per cent addition of agar 
to the water component was sufficient to inhibit a common type 
of casting defect. This defect is associated with separation of 
free water from the investment mix during the setting process. 


Plaster-bonded Precoats 

The possibility of utilizing the retained moisture 
in an investment to increase its chilling power has 
been investigated.1 This work indicated that an in- 
vestment with sufficient permeability would permit 
the steam generated upon contact of the molten 
metal with moisture in the investment to escape 
through the pores. The investment, however, was 
so porous that the molten metal penetrated the sur- 
face layer and created a serious surface defect. In 
order to avoid this condition, it was necessary to 
furnish a precoat which would provide a_ barrier 
between the casting surface and the porous backing 
investment. The precoat used for this work con- 
sisted of a slurry of the standard nonferrous invest- 
ment. This precoat worked quite well, except for 
certain difficulties in application. The investment 
had a tendency to run off the pattern, leaving areas 
which were bare. It was necessary to allow the slurry 
to set up slightly before the pattern was dipped. This 
reduced the useful life of each batch of precoat, and 
even after thickening the coating tended to collect 
in a fairly heavy layer at the lower surfaces of the 
pattern. 

At the time this work was done it was recognized 
that certain improvements in the precoating tech- 
nique were necessary. As a logical starting point in 
the process of improving the precoat, the precoats 
used for the two-coat ferrous investment were stud- 


* Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 
Philadelphia, Pa. 
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ied. These, however, are unsuitable because the ex- 
pansion characteristics do not match the gypsum- 
bonded backing investment, and because they re- 
quire a high temperature firing cycle to develop the 
requisite strength and permeability. It was therefore 
apparent that a nonferrous precoat should contain a 
gypsum binder to match both the expansion charac- 
teristics of the backing and to develop a sufficiently 
high green strength. 

The standard investment should make an excellent 
precoat if the problem of the mobility of the slip 
could be solved. In the ferrous field the mobility of 
the precoat is controlled by adding acid to the mix. 
This reacts with the silicate and forms a silica gel, 
thereby thickening the mix to the desired consistency. 

It appeared that if a substance were added to the 
nonferrous slip which would form a gel at room 
temperature, it would accomplish the same purpose 
as the silica gel in the ferrous precoats, 

The substance agar seemed to fill these require- 
ments and accordingly was tested. Preliminary work 
indicated that agar additions produced the antici- 
pated effect. 

Agar in Precoats 

A stock solution was prepared by heating sufficient 
agar with water to make a | per cent solution. It 
was necessary that the solution be gently boiled for 
a few minutes in order to completely dissolve the 
solid matter. It was then permitted to cool to ap- 
proximately 50 C (120 F) and maintained at this 
temperature for use. Excessive evaporation was 
avoided by keeping the container covered. This solu- 
tion was added to the water just prior to mixing with 
the investment. The concentration of agar used in 
the mixing water is insufficient to form a perceptible 
gel in the time between adding the stock solution 
and proceeding with the mixing. However, once the 
water has been thoroughly incorporated with invest- 
ment a pronounced thickening of the mix is effected. 
This is probably due to the setting process of the 
gypsum which removes water from the mix and 
thereby increases the effective concentration of agar. 
Figure | shows specimens which have been precoated 
by single dips in investment mixes with and without 
agar additions. 
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A 5 
Fig. 1—Precoated patterns dipped in slurry containing 
(A) 60 cc H,O/100 grams investment and (B) 60 cc H,O 
with 0.2 per cent agar/100 grams investment. 





Fig. 2—Casting obtained with mold investment with (A) 
60 cc H,O/100 grams investment ratio, (B) 60 cc H,O 
with 0.2 per cent agar/100 grams investment ratio. 
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Fig. 3—Test pattern used to study defects caused by water 
separation from the investment slurry. Almost full size. 
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concentration on the occurrence of defects caused by water 
separation. Approximately 2 original size. 
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CC AGAR SOLUTION 
PER 100G INVESTMENT 
Fig. 5—Effect of agar concentration on setting time of 
gypsum bonded silica investment. 


The effectiveness of the agar in arresting the drain- 
ing process is shown by the better coverage of the 
specimen dipped in the agar mix and by the lesser 
amount of drainage that occurred with the agar mix. 
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Defects in Single Coat Investments 


One of the most persistent surface defects encount- 
ered with nonferrous investments is apparently due 
to separation of water from the investment during the 
setting process. This water collects on the under sides 
of the specimen due to the settling of the solid mate- 
rial, and prevents complete contact of the investment 
with the pattern surface. The corrective measure 
for this type of defect is to reduce the amount of 
water used in the investment. This is sometimes 
awkward because with reduced water the investment 
becomes quite thick and difficult to handle and to 
vacuum. 

With the experience gained in using agar for the 
precoats, it was anticipated that this material would 
be useful in improving the surface condition obtain- 
able with the nonferrous investments. It appeared 
that the creation of a gel within the freshly mixed in- 
vestment would inhibit the migration of the free 
water and prevent its accumulation on the under 
sides of the specimens. Figure 2 shows two castings 
made with a high water/investment ratio. The cast- 
ing on the left shows the characteristic defect while 
the casting on the right made in a mold containing 
0.2 per cent agar shows complete freedom from these 
defects. The high water/investment ratio was used 
to magnify the effect of excessive water in the invest- 
ment mix. 


Agar in Single Coat Investments 


The effect of agar concentration was considered. 
The preliminary test had shown that 0.2 per cent 
agar in the water was effective. However, the presence 
of agar in the water also reduces its surface tension, 
and as a result the tendency of the mix to spill over 
the container during the vacuuming operation was 
intensified. The vacuuming operation causes the 
bubbles entrained in the investment to expand, rise 
to the surface, and break. Since the reduced surface 
tension caused by the agar tends to stabilize the bub- 
bles, they increase to a larger diameter before burst- 
ing. This means that a deeper container is necessary 
to effectively perform the first vacuuming operation 
without spilling of the mix. The second vacuuming, 
when the patterns are already invested, does not 
cause as great an increase in the volume of the mix 
since most of the air churned in during mixing has 
already been removed. These considerations indicate 
that the smallest concentration of agar that will ef- 
fectively inhibit water separation from the invest- 
ment is most desirable. 

A test specimen was designed and oriented in the 
mold in such a manner that the defects caused by 
water separation could be intensified and studied. 
This special pattern is shown in Fig. 3. 

The pattern was oriented in the flask so that two 
separate under side surfaces were created. One sur- 
face made an angle of 45 degrees with the axis of 
the flask and the other was oriented just 90 degrees 
from this axis. This produced the type of undersur- 
faces which were most prone to develop the defects 
discussed above. 

These patterns were invested using a range of 
water/investment ratios and a range of agar concen- 
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trations. The results of this test are shown in Fig. 4. 
The photograph shows the under side of these speci- 
mens. The upper surface in all cases was free from 
the defects under discussion. 

The specimen obtained using 45 cc HyO/100 grams 
investment corresponds to the mix currently being 
used for nonferrous castings. The characteristic de- 
fects are just discernible on this specimen. With more 
water in the mix, intensification of the defect occurs. 
The addition of agar to these mixes effectively sup- 
pressed the water separation and resulted in relatively 
smooth undersurfaces. Examination of these speci- 
mens indicated that with increased water/investment 
ratios better results were obtained with increased 
agar concentration. When the water ratio was in- 
creased to 70 cc H,O/100 grams investment, excessive 
cracking of the mold resulted. The most satisfactory 
mix from the point of view of ease of handling and 
resulting surface condition was the one containing 
0.1 per cent agar in the ratio of 50 cc H,O/100 grams 
of investment. 

The effect of the agar addition on the setting time 
of the mix was also studied. Gilmore setting times 
were obtained for the investment mixes in accord- 
ance with ASTM Specification C191-49. The data 
obtained are shown in Fig. 5. This indicated that the 
addition of agar was responsible for only slightly re- 
tarding the setting of the investment. 


Conclusions 


It is concluded that agar additions to investment 
mixes in the concentrations of 0.1—0.2 per cent agar 
by weight in the mixing water are effective in: (1) 
arresting the mobility of the investment when used 
as a dipping precoat, and (2) suppressing the collec- 
tion of free water on the under side of the patterns 
when used as a single coat investment. 
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DISCUSSION 


Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syra- 
cuse, N. Y. 

Co-Chairman: D. L. LAVELLE, American Smelting & Refining 
Co., Barber, N. J. 

Recorder: J. L. ScHMtIeDER, JR., Oberdorfer Foundries, Inc., 
Syracuse, N. Y. 

T. E. Moore (Written Discussion):* I want first to compli- 
ment the authors for the interesting paper they have presented. 
I was present at the meeting when their paper “Precision Cast- 
ing Aluminum in Moist Investment” was read,* and the gen- 
eral technic appealed to me as quite a satisfactory one. How- 
ever, there was the difficulty of the short time interval in 
which the plaster bonded investment coat could be applied. 
1 Manager, Industrial Division, The Ransom & Randolph Co., Toledo, 


Ohio. 
* See AFS Transactions, vol. 58, pp. 460-464 (1950). 
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In our opinion it was too difficult to hold on the pattern until 
it had set, to make it a practical production technic for general 
casting. 

The authors did not find the ferrous investment coat satis- 
factory because of the difference in thermal expansion between 
the coat and plaster bonded investment. The ferrous coat is 
more easily handled than the plaster bonded coat—a uniform 
consistency of mix can be maintained all day, since the setting 
reaction does not start until the pattern is coated. Why not 
use the ferrous back up investment with this ferrous coat for 
the non-ferrous castings? It is not necessary to heat the fer- 
rous investments and ‘ferrous coats above 1200 F. I know of 
one plant that is casting over 1000 ferrous investment flasks a 
day, and their standard burn-out temperature is 1200 F. 

In my opinion, the ferrous coat and back up investment 
procedures warrant more study because, although the cost is 
about the same, these investments have much greater perme- 
ability and can be cooled to low temperatures with less danger 
of fractures. 

We have found the authors’ agar gel method a very good one 
for arresting the separation of water. Agar has an advantage 
over other organic gelling agents in that it is more effective at 
low concentration—thus it is more easily eliminated during 
the burn-out cycle. It is quite efficacious as an agent to arrest 
the mobility in plaster bonded pre-coats. But agar also has 
some disadvantages. The agar available on the market varies 
greatly in its water content, ease of solution, and gel-forming 
capacity. While a solution of the authors’ agar was easily made 
by gently boiling for a few minutes, several other brands that 
are in common use are very difficult to put in solution; and 
since they require several hours of boiling it is common prac- 
tice to use about 5 Ib of steam pressure instead of the slow 
boiling method. 

One grade of agar we used to make, a 0.1 per cent solution 
gelled in 80 F water before a mix of investment could be 
made; while a 0.2 per cent solution of another brand did not 
gel in 70 F water. 

The different grades of agar greatly affect the investment 
consistency: for example, a 0.1 per cent solution of one pro- 
duced an investment slump of 214 in. diam when mixed 50 
cc solution to 100 grams investment; while the slump of an- 
other grade was 414 in. in diameter. 

Because of the non-uniformity of agar I think anyone using 
it to prevent water separation in investment will find it neces- 
sary to vary the concentration until one is found that will meet 
their requirements. 

The authors have stated that the additions of agar to the 
water make the slurry more difficult to vacuum because of the 
reduced surface tension, which causes the bubbles to expand 
to a greater degree before bursting. While this is true, we 
have found that the increased volume during the vacuum oper- 
ation is so small that we think no one would find it objection- 
able. It is much better than tragacanth and many other or- 
ganic gelling agents. The agar, even in high dilutions, lowers 
the surface tension of the investment slurry enough to greatly 
improve its coverage of the pattern. 

The authors have found that when the water/investment 
ratio was increased to 70/100 the agar gel prevented the water 
separation, but that with this high water content excessive 
fracture of the mold resulted. 

Our limited experience with agar gels in investments has 
shown that approximately 50 cc of 0.1 per cent solution of a 
certain brand to 100 grams investment produces the same con- 
sistency mix as 45 cc of water. The use of this 50 cc mix of 
0.1 per cent agar entirely prevented water separation on test 
patterns similar to those used by the authors. This was shown 
by the absence of water streaks on the castings. They fre- 
quently appeared when the 45/100 water/investment ratio was 
used—however, when we increased the water/investment ratio 
to 50/100 as in the 0.1 per cent agar slurry, we decreased the 
strength of the investment over 20 per cent. While there was 
no noticeable finning of metal on the castings of the simple 
test patterns, when we cast large oval shaped parts placed 
vertically in the flask, or round turbines set up in the hori- 
zontal position, we invariably experienced excessive fracture 
of the mold, with resultant finning. These fractures were not 
apparent when the 45 cc water to 100 grams investment ratio 
was used. May I ask the authors if they have noticed this on 
any of their castings? 
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There is no question in my mind that the findings of th« 
authors will greatly improve the results that can be obtained 
with many non-ferrous investments. The agar can be readil\ 
handled in the research laboratory, but will the production 
man be willing (1) to make the stock agar solution; (2) t 
keep it at the proper elevated temperature; and (3) to meas 
ure the amount required for each mix? Would he not prefei 
to use an investment that contained the gelling agent, thu 
saving him the extra operations which entail additional ex 
pense? 

Rosert NEIMAN (Written Discussion):? First the authors 
should be thanked and congratulated for another of thei 
papers dealing with Plaster Casting and Precision Investment 
Casting. Perhaps this is not entirely unexpected since one of 
the authors is Chairman and Subcommittee Chairman respec 
tively of the two A.F.S. Committees. 

The concise form and modest statements in this pape 
hardly portray the real import of this most timely contribution. 

Investments for precision casting are an outgrowth of dental 
investments. The latter were modified somewhat for jewelry 
casting and in most cases performed quite satisfactorily, in fact 
so well that it was used and made possible precision non- 
ferrous casting. As investment casters learned to cast larger and 
more complicated shapes, the investment became less adequate. 

Several years ago the cracking of molds with resulting “fins” 
and often increased dimensions was the chief difficulty with 
non-ferrous investments. Improved burn-out schedule, controls, 
and casting methods have reduced cracking. An impartial sur- 
vey recently would most likely disclose “water marks” as the 
leading investment difficulty. 

As so well pointed out and illustrated by the authors, these 
“water marks” occur most often on the bottom side (as in- 
vested) and to a lesser degree on angulated or vertical sur- 
faces, rarely if ever on the top surface. 

This common fault occurs and disappears in spasms and 
has been blamed on careless operators, non-uniform invest- 
ments, temperature, humidity, careless use of oil or grease on 
the patterns or assembly base, and even on varying additions 
to given municipal water supplies. 

At the time the authors made this study, we doubt if any 
available commercial investment would produce consistently 
“water mark”-free castings. The use of “agar” was not known, 
certainly not generally known in the industry. “Dopes” as 
complicated and less efficacious than “Indian” tonics were tried 
without too much success. Agar is therefore a welcome “first 
aid’” remedy and even works well as a preventative “typhoid 
shot.” 

The use of agar has a few slight disadvantages; the authors 
pointed out the minor difficulty in vacuuming and a slight 
thickening of the mix. From a practical standpoint it involves 
making a boiling solution and adding it to the mixing water in 
controlled amounts. Unfortunately in many plants the propor- 
tioning of water is slipshod and extra additions would be 
frowned upon. 

Investment makers evidently had overlooked the authors’ 
agar procedure or did not publicize it, because of their belief 
that they needed something in the investment itself to remove 
water marks in order to insure its positive and uniform use. It 
is gratifying to report that several recent investments will pro- 
duce not only water mark-free castings but produce castings of 
enhanced smoothness all over. Significantly those tested have 
no adverse effect on vacuuming nor appreciable change in 
other properties. We wonder if the authors have had a chance 
to test these yet. 

In conclusion it may be stated that whether the user buys 
an investment containing a water mark remover or uses any 
other type, he is now in a position to prevent its occurrence by 
a relatively easy means requiring the exercise of only a mini- 
mum amount of control. The authors are to be sincerely con- 
gratulated on making this important contribution to the pre- 
cision investment caster, 

H. ROSENTHAL AND S. Lipson (Authors’ Closure): The authors 
are indebted to Mr. Neiman for his contribution in this 
discussion. The authors concur with Mr. Neiman’s observa- 
tion that this treatment may be considered as a preventative 


- eee of Research, Chemicast Division, Whip-Mix Corporation, Louis- 
ville, Ky. 
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even when the appearance of “water marks” is only an occa- 
sional plague. The authors are unfamiliar with any recent 
investment which eliminates water marks. Information on 
these materials would be greatly appreciated. 

The authors are in general agreement with all the points 
raised in Mr. Moore's discussion. The experiments described 
form a valuable supplement to the work covered in our paper. 

The use of a plaster bonded precoat is proposed to com- 
plement the investment used in molds where some of the 
chemically held water is utilized for increasing the chilling 
power of the mold material. This mold, therefore, is not 
really subjected to a firing cycle, per se, but simply a low 
temperature drying cycle to drive off the free water in the 
investment. Mr. Moore’s point that the ferrous two coat 
investments warrant consideration for nonferrous casting is 
well taken. The greater permeability is undoubtedly a valu- 
able asset and may be extremely useful for those nonferrous 
application where permeability and high resistance to cracking 
is demanded. 

It is unfortunate that this material, agar, is so variable a 
product that specific concentrations necessary to inhibit “water 
mark” defects cannot be applied to all brands. It has been 
the authors’ experience, however, that a fine grade of the type 
used for preparing bacteriological culture media can be relied 
upon to give consistent results and to go into solution without 
difficulty. This grade is considerably more expensive than the 
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grades tested by Mr. Moore, however, when it is considered 
that 1 lb of agar will treat 2000 lb of investment, the increased 
cost is not believed to be prohibitive. For some applications 
the use of agar may actually permit extending the investment 
such as when a 50cc/100gm ratio is used instead of the 45cc 
100gm ratio required without agar. 

The strength of the investment unquestionably suffers when 
the water to investment ratio is increased. However, as Mr. 
Moore comments, for certain parts this results in no notice- 
able effect on the casting. Where the nature of the casting 
demands the maximum strength of the investment it will not 
be possible to increase this ratio. However, these denser mixes 
should require smaller concentration of agar to suppress the 
occurrence of the water mark defect. 


The authors have experienced no increased tendency toward 
mold cracking that may be attributed to the presence of agar. 
The experience of others who have used the agar additions on 
a production basis would be welcomed. 


Finally, the transition of the use of agar from the laboratory 
to the production plant could undoubtedly be facilitated if a 
grade of agar were used which could be relied upon to give 
consistent results. Since only volumetric measuring is required 
in making the agar addition from the stock solution, it is not 
believed that this operation would significantly change the 
cost picture of the investment operation. 





A STUDY OF SEGREGATION IN BRONZE 


USING A RADIOACTIVE TECHNIQUE 


By 


W. C. Winegard* 


ABSTRACT 


The segregation of tin in small castings of 10 per cent bronze 
was investigated by the use of a radioactive tracer technique. 
Results are reported for various cooling conditions. It is estab- 
lished that inverse segregation does occur in very small castings. 


=" The normal segregation that occurs when a large 
mass of metal is solidified is termed coring. The first 
material to solidify contains a smaller proportion of 
the solute than the remainder. This means that the 
outside of a casting will be purer than the center. In 
some non-ferrous alloys, however, there is a tendency 
to reverse this type of segregation. The outside of the 
casting, which is the first part to freeze, may contain 
more solute than the last part to freeze. When segre- 
gation is of this type, it is called inverse segregation. 

It has long been known that tin bronzes exhibit 
marked inverse segregation during solidification. A 
recent review by Pell Walpole and Hanson! indicates 
that this phenomenon has not hitherto been studied 
by the radioactive tracer technique. The purpose of 
this paper is to set forth the technique of autoradio- 
graphy and to show the results obtained with this tech- 
nique in the laboratory. From the results, it is clearly 
seen that laboratory tests give a true indication of what 
actually occur in large castings. 


Making an Auteradiograph 


The autoradiographs in this work were obtained by 
the use of a relatively simple procedure which has been 
used by several investigators.?:34 It is necessary, of 
course, to have one constituent of the alloy radioactive. 
When the alloy solidifies, the casting is sectioned longi- 
tudinally, polished and placed on a photographic plate 
for several hours. The radioactive material present in 
the alloy gives off radiation which will affect the emul- 
sion on the plate in the same manner as light does. 
Thus, an image of the specimen will be reproduced on 
the photographic plate. If a particular section of the 
casting contains no radioactive material, then the 
emulsion under that part of the specimen will remain 
unaffected. 


* Professor, Metallurgical Engineering, University of Toronto, 
Toronto, Ontario, Canada. 


If resolution is not too important, the film used can 
be a coarse grained x-ray film which reacts rather ra- 
pidly to the radiation and an autoradiograph may be 
obtained in a few hours. However, should resolution 
be an important factor, a finer grained film should be 
used. Lantern plates may be used for this type of work, 
and were used in the present investigation. As a gen- 
eral rule, it will take twice as long to produce the same 
density image on a lantern slide plate as on an x-ray 
film. 

If resolution is of prime importance, then nuclear 
track plates may be used. Nuclear track emulsions are 
very fine-grained and thus have a high resolving 
power. It is possible to actually trace the path of a 





Fig. 1—Macrophotograph (left) and autoradiograph (right) 
of bronze casting poured in steel mold. X 2/3. 





Fig. 2—Segregation is more distinct and columnar zone is 
deeper in casting poured in ceramic mold. X2/3. 
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radioactive particle through the film. The particles 
ionize the emulsion while travelling through it and on 
development the track of the particle is visible. Nu- 
clear emulsions can be made so that they will only be 
sensitive to certain energy particles and thus the back- 
ground fogging of the emulsion will be reduced. Auto- 
radiographs obtained by the use of nuclear track plates 
usually require an exposure time of about four times 
that for an x-ray film. 

When the casting has been in contact with the film 
for the required time, the specimen is lifted off and 
the photographic plate processed in the normal man- 
ner. While the casting is in contact with the film, all 
light must be prevented from reaching the plate. This 
may be accomplished by loading both plate and speci- 
men into a light tight plastic bag for the exposure. 


Use Radioactive Tin 


Grade D phosphor bronze (Sn, 10.63 per cent; P, 
0.1; Pb, 0.04; Fe, 0.07; Zn, 0.2) was used in the investi- 
gations. To this material 0.1 gram of tin containing 
tin 113, a radioactive isotope, was added. The whole 
was melted in an electric muffle furnace and allowed 
to remain at 1080C for several minutes to ensure homo- 
geneity in the liquid. The radioactive tin diffuses 
through the liquid and behaves exactly the same as the 
remainder of the tin except for its radiation proper- 
ties. Three small castings were poured from 1080C. 
The first melt was poured into a steel mold, the second 


Fig. 4—Bronze specimen cooled in hot 
graphite boat to make solidification 
proceed from outside inwards in all 
directions. Outside region which solid- 
ified first is high in tin. About X 5. 


into a ceramic mold, and the third into a hot ceramic 
mold with the bottom insulated so that freezing pro- 
ceeded from the top downwards. Figure 1 shows the 
macrophotograph and autoradiograph of the casting 
poured into the steel mold. The darker portions on 
the autoradiograph show where the tin content of the 
casting is highest. 

Figure 2 is the macrophotograph and autoradio- 
graph of the casting poured into the ceramic mold. 
The columnar zone is deeper and the segregation, as 
shown on the autoradiograph, is more distinct. This 
would seem to indicate that the segregation observed 
was connected with the appearance of a good col- 
umnar zone. This is in accord with other experimental 
evidence on inverse segregation. 

In normal castings, columnar growth occurs in from 
the sides and up from the bottom ef the ingot. It was 
decided to investigate inverse segregation under con- 
ditions where solidification would proceed from the 
top downwards. This method of solidification was pro- 
duced by casting into a hot ceramic mold with the 
bottom of the mold insulated to prevent heat loss. The 
resulting casting and autoradiograph is shown in Fig. 
3. The bottom of the ingot is porous. 

The most striking case of inverse segregation ob- 


353 


served during this investigation occurred in a small 
specimen of 10 per cent bronze 2 in. long and 1% in. in 
cross section. The alloy was heated in a graphite boat 
using an apparatus similar to that described by Chal- 
mers? for the growth of single crystals. When the bronze 
was molten, the graphite boat was removed from the 
furnace and solidification occurred from the outside 
inwards in all directions. The specimen was sectioned, 
polished, photographed and an autoradiograph was 
taken. The specimen and the autoradiograph are 
shown in Fig. 4. The segregation is very marked, the 
tin-rich material being at the outside region which 
was the first to solidify. 

It is felt that the technique described above may be 





Fig. 3—Casting solidified from top down in hot ceramic 
mold insulated at bottom to prevent heat loss. X 2/3. 





usefully employed in solving many practical casting 
problems. It has been shown by several investigators 
that inverse segregation is more pronounced when 
melting occurs in the presence of some gases. The 
study is by no means complete and it seems reasonable 
to suppose that more quantitative information will be 
made available by the use of this technique. 
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DISCUSSION 

Chairman: W. B. Scott, National Bearing Div., American 
Brake Shoe Co., Meadville, Pa. 

Co-Chairman: R. A. Co.ton, Federated Metals Div., Ameri- 
can Smelting & Refining Co., Barber, N. J. 

Recorder: J. F. Ktement, Ampco Metal, Inc., Milwaukee. 

CHAIRMAN Scott: Would the radioactive technique be useful 
as a control method for a small foundry? 

Mr. WinEGARD: The radioactive technique would be of some 
use as a control method, but the real application in foundry 
work is likely to be as a tool in trouble shooting. 

S. V. Arnotp:' I should like to enquire whether the author 
attempted to quantitatively measure segregation in cast bronze 
by photo-densitometer scanning of autoradiographic negatives 
exposed in contact with sections of the test castings. 

Mr. Winecarp: The autoradiographs in this work were not 
examined by a photo-densitometer. However, the author has 
measured segregation in other systems at least semi-quantita- 
tively by a microphotometer technique. 

E. F. Tissetts:2 The conclusion of this work is that in order 
to overcome inverse segregation, pouring temperatures must be 
held as low as possible. According to Ames high pouring temp- 
eratures produce the best columnar type structure for maximum 
pressure tightness. What procedure should we follow? 

Mr. WineGARD: The conclusion of this work is that to avoid 
inverse segregation it is desirable to avoid columnar type struc- 
tures. This may be done by pouring at proper temperatures 
or by the use of a nucleating agent to promote nucleation. The 
conditions which one must use are of course determined by the 
service in which the casting is to be used. 
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G. L. Lee:3 Since most bronze foundrymen consider lead or 
tin sweat types of segregation due to gas in the metal, can you 
tell us what percentage of the 11 types of segregation that you 
have identified, are due to gas? 

Mr. WINEGARD: It is difficult to say what types of segregation 
are caused by gas in the metal. It is known that the presence 
of gas in the melt will make inverse segregation more pro- 
nounced and it is felt that the amount of segregation, regardless 
of the type, will be affected by the presence of excess gas. 

A, J. MessMER:4 Does the segregation you describe have any 
effect on the machinability of the castings? What must be done 
to overcome it? 

Mr. WINEGARD: Inverse segregation in the extreme form will 
affect the machinability of the casting. To prevent inverse seg- 
regation one must eliminate a columnar zone and remove excess 
gas from the melt. A good review of this subject has recently 
been completed by Pell Walpole and Hansen “Cast Tin 
Bronzes”. 

J. W. Horan:5 Does the radioactive element in this technique 
permeate the tin content of the alloy uniformly and if so, could 
this method be utilized for the quantitative determination of 
tin in the alloy? 

Mr. WIineGARD: It is felt that the radioactive tin does mix 
uniformly. The method could be used for quantitative deter- 
mination of tin in this alloy but a good deal of work would 
be required to set up the necessary standards. 


1 Watertown Arsenal, Philadelphia. 

? Wollaston Brass & Aluminum Foundry Inc., North Quincy, Mass. 
8 The International Nickel Co., Inc., Bayonne, N. J. 

* Messmer Brass Co., St. Louis. 

> American Crucible Products Co., Lorain, Ohio. 











DEVELOPING STANDARD DATA TABLES FOR 
CORE FINISHING 


By 


L. L. Martin* 


ABSTRACT 


This paper presents an approach to the problem of developing 
Standard Data Tables for finishing medium and heavy cores 
in a weight range from 15 to 1500 lbs. Although this type of 
operation is considered in many plants as indirect labor and 
operating under an indirect labor incentive plan, it has been 
found to be highly advantageous and successful to develop direct 
standards to cover the operations. 

An analysis of the work area shows that time studies taken 
must be on an elemental basis, and all studies described in the 
text were so taken. 

It is to be assumed that any plant considering the develop- 
ment of Standard Data for core finishing has already in effect 
Standard Data for coremaking. Certain definite information is 
generally tabulated for each and every core for those standards, 
and such information may be utilized in many ways in develop- 
ing the finishing Standard Data. 

Since core finishing methods vary more greatly in different 
plants than, for example, machine molding, a detailed account 
of the work area and methods of finishing is carried on through- 
out the paper. This will indicate the scope and variety of the 
problems and the approach to ana solution of these problems. 

The Standard Data Tables described are in actual use today, 
with the men earning a good premium and having confidence 
in the standards and the Standards Department. 

The method of taking the time studies, leveling, determining 
the speed ratings and relaxation allowances are not treated in 
detail, as these subjects should be treated as individual topics 
rather than as component parts of this paper. 


Standard Data 


There are many reasons for using the method here- 
in described for setting standards. Among the more 
important reasons are: 

1. To Establish Consistent and Fair Standards— 
Standards set by Standard Data are fair and con- 
sistent in relation to like jobs because the Standard 
Data Tables are developed from time studies cover- 
ing all phases of the operation performed by various 
operators. 

2. Workman’s Confidence—The man in the shop 
has confidence in the standards and the Standards 
Department when he knows that the standard has 
been set to certain specifications, and that these same 
specifications and the time allowed for them are re- 
corded and the information can ,be made available to 
him, if necessary. 


* Asst. Mgr., Standards and Payroll, Sterling Foundry Co., 
Wellington, Ohio. 
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3. Time Saving— Standards can be set in a rela- 
tively short time. Where 100 per cent standard cov- 
erage is required, it is practically impossible to do so 
with direct time studies. 

4. Determining Costs—In the face of highly devel- 
oped competition, being able to pre-determine costs 
is a prime requisite in obtaining new business. 


Work Area 


The work area for the entire group of finishers, 
finishers helpers, and crane operator is shown in Fig. 
1. The night drying ovens are located on each side 
of the core car transfer pit. The “Car Unloading Sta- 
tion’”’ is located near the end of the core car transfer 
pit, with an electrically powered cable winch located 
immediately at the end of the pit. The finishing area 
is approximately 40 by 28 ft, and in the area are 13 
pairs of steel horses, each 6 ft long and 25 in. high, 
positioned in two rows. Between the two rows of 
horses are two work tables, each 10 ft long and 2 ft 
wide with a shelf below which is used for storing 
miscellaneous tools and equipment. Above the tables 
are racks for holding gas drying torches and pilot 
flames for lighting the torches. Three compressor 
tanks, complete with spray guns, are also located 
centrally between the two rows of horses. The cores 
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Fig. 1—Layout of Work Area. 
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are finished by hand in this area, and after being 
finished are stored in the “Machine Storage Areas” 
or the “Hill Storage Area” (Fig. 1). An overhead 
crane services and is a part of this group. 

At the present time this group consists of five core 
finishers, two core finishers helpers, and the overhead 
crane operator. One foreman is in direct charge of 
this group. 

Work Analysis 


A full car of dried cores is removed from the ovens 
and moved to the end of the core car transfer pit 
(Fig. 1) by use of the electrically powered cable 
winch. It is then pulled into position in the car un- 
loading station by the overhead crane. Cores which 
can be handled manually are carried to the finishing 
area and those requiring crane handling are placed 
on the finishing horses by the overhead crane. As the 
car unloading process progresses, the core plates are 
unloaded and stacked beside the car, to be trans- 
ported by the finishing crane at a later time to the 
coremaking area. These consist of angle reinforced 
steel plates, small and medium size cast iron plates 
with side lugs for handling, and large cast iron plates 
with bottom lugs for handling. Steel rails which 
form the lateral part of the “builds” on the core car 
are placed on the bottom rack of the car for re-use. 
“Core bricks,” hollow cast iron blocks which form the 
vertical part of the builds on the core car, are placed 
in large trays to be transported at a later time to 
the coremaking department by other labor. When 
the core car is completely unloaded, it is moved di- 
rectly across the transfer pit for reloading with green 
cores, or moved to the opposite end of the core car 
transfer pit where it will not interfere with further 
operations. The car removal and unloading goes on 
throughout the day as work progresses, 

All finishing operations are performed in the fin- 
ishing area. These operations consist of the prepara- 
tion of the core so that it is suitable to be placed in 
the mold by the workers of the molding department. 
The finishing should be of sufficient quality to assure 
a smooth casting finish, free from unnecessary fins or 
other defects which may be caused by a poorly fin- 
ished core. The cores are cleaned, sprayed with the 
proper type wash, and pasted or assembled where 
necessary. These and other operations will be de- 
scribed in detail in the element descriptions. 

When the finishing operations are completed, the 
cores are ready to be placed in the storage areas. The 
Machine Storage Areas contain cores for green sand 
molds which are hand rammed or made on small 
molding machines. The “Hill Storage Area,” as it is 
termed in this plant, contains cores for large dry sand 
molds which are hand rammed or made on a large 
molding machine. Storage operations are performed 
throughout the day to assure a steady flow of work 
through the work area. 

At the end of the day’s finishing operations the 
group mixes materials, cleans equipment, and sweeps 
the floor in preparation for the next day’s operations. 


Since the finishers, finishers helpers, and crane op- 
erator work as a group rather than on an individual 
basis, it can be readily realized that many of the fin- 
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ishers’ and helpers’ duties will, of necessity, overlap 
each other. This provides an advantage over a hard 
and fast demarcation of duties within the department 
in cutting the problem of inherent delay to a mini- 
mum. ‘The work is so arranged that the crane opera- 
tor acts as a part time helper when crane service is 
not required for a minimum period of approximately 
ten minutes. 


Information from Other Records 


Any plant considering the development and appli- 
cation of Standard Data Tables to core finishing will 
have in most cases a plan already in effect for core- 
making. In the case of this plant, the Core Factor 
Card for coremaking provided certain information 
on nearly every core which would be processed 
through the finishing department. This information 
proved to be of the utmost value in the development 
of the Standard Data Tables. It provided: 

. The volume of the core by weight. 

2. The projected area of the core, or the extreme 
dimensions of the care to indicate the plate size 
required for it. 

3. The extreme height of the core as it rests on 
the core plate. 

4. The number of sprue or pipe vents and special 
rod vents in the core. 

5. The number of hooks in the core, 

6. In the case of paste cores, the length of the 

groove or scratch vent on the paste surface of 

the core. 

The presence of bedding sand on the surface of 

the core. 

8. The type plate used for the core, whether steel 

or cast iron. 

9. The classification of the core, either regular or 

irregular, used in the making operation. 

If no such predetermined information is available, 
it is important that a list of such measurements as 
may be deemed necessary be prepared beforehand, 
and then recorded for each and every core on which 
time studies are taken. 


~I 


Taking the Time Studies 


A survey of the work procedure indicated that in 
practically no case did any individual worker per- 
form all the finishing operations required on the 
core, but that the group operated as a team, with 
each worker doing a specific operation until other 
work presented itself. Under these conditions, the 
only satisfactory way to obtain the information re- 
quired was by taking elemental time studies. A con- 
centrated effort was made to obtain sufficient infor- 
mation on only a limited number of elements at one 
time, thereby making the studies more acceptable 
than if the entire scope of operations were studied 
concurrently. With the predetermined information 
available as mentioned above, the only information 
needed in the majority of the time studies was the 
pattern number and box number of the core. Other 
information required for certain elements studied was 
obtained by checking the core box equipment from 
which the cores were made. 

Any leveling method which is satisfactory for tak- 
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Fig. 2—Time Study Sheet. 


ing time studies is also satisfactory for developing 
Standard Data Tables. In this case, as only single 
elements were being considered in the time studies, 
the snap-back method of taking the studies was used. 
Also, since the studies were on single elements only, 
each element was speed rated and the average time 
for the same element on like cores was used. This 
method is illustrated in Fig. 2. This method of tak- 
ing time studies, speed rating, and leveling was satis- 
factory for both the constant and variable elements. 
The constant elements are those which require the 
same amount of time, regardless of the size of the 
core being finished. The variable elements are those 
which depend upon the size and type of the core 
being finished, or upon the variations in area or 
length of any particular feature of the core used as 
a basis for measurement. 

Due to the fact that the finishers and helpers duties 
overlapped each other to a certain extent, the con- 
clusion was reached that any individual standard for 
finishing a core must reflect all the operations neces- 
sary to the core from removal from the oven to plac- 
ing it in the proper storage area. It was also decided 
that the most desirable standard would correspond 
to the individual piece, whether it pasted or as- 
sembled with another core or was finished individu- 
ally. 

Comparison Sheet 


One of the most important aspects of developing 
Standard Data Tables is gathering the information 
from the time studies and recording it in a systematic 
order for further use. This was accomplished by 
using a comparison sheet as shown in Fig. 3. This 
form, preferably prepared on a sheet of paper 11 x 
17 in. or larger, is divided into two sections. The 
upper portion of the sheet contains the pattern num- 
ber and box number of the cores on which time 
studies are taken, along with any necessary prede- 
termined data as discussed in the section “Informa- 
tion from Other Records.”” The remaining, or lower 
portion of the sheet, contains a list of the elements 
of work encountered during the finishing operations. 
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If the list of elements is too long to be placed on one 
sheet, as many comparison sheets as necessary may be 
used. The values are transferred from the time stud- 
ies to the comparison sheet, with the values being 
corrected to 100 per cent speed rating, and the time 
study sheet number is noted in the space provided. 

A comparison sheet is especially desirable from 
the standpoint of variable elements, and it can well 
be described as the intermediate step between the 
time studies and the charts derived from them. 

During the time that the studies are made, the 
values should be transferred to the comparison sheet 
as soon as the information is available. In this way 
it can easily be determined when enough values have 
been recorded for each particular element, and if the 
range has been sufficiently covered. This also elimin- 
ates the waste of taking unnecessary time studies. 
When several values have been recorded, it is wel! to 
start plotting a chart of the values. This is a further 
indication of the coverage yet needed as well as any 
points which may require rechecking. 


Relaxation Allowances 


The values as plotted on the charts do not include 
relaxation allowances, therefore they must be added 
before the tables are developed. The relaxation al- 
lowances, which are personal and fatigue allowances 
combined, vary on the different elements of work. 
However, they are kept in proper relationship as to 
physical effort, duration, monotony, frequency, work- 
ing conditions, etc., with each other and with other 
elements of work performed within the plant. Al- 
though the relaxation allowances may vary with those 
in other plants, it must be remembered that the 
bench mark of 100 per cent efficiency or 60 unit 
hours of work may also vary among different plants, 
thereby possibly requiring a higher or lower relaxa- 
tion allowance. Figure 4 shows the relaxation allow- 
ances added to the various elements of work. 


Core Classification 


To cover the range of points in certain elements, it 
was found that the cores, for the purposes of clean- 
ing, spraying core wash, and brushing, should be 
divided into two classes, regular and irregular. 





- Fig. 3—Comparison Sheet 
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SPRAY SILICA WASH 

SPRAY BLACKENING WASH 

DRY WITH GAS TORCH 

CLEAN VENTS 

APPLY PASTE 

COVER GATE AND RISER 
OPENINGS 


10%e - 20%e 


CARRY CORES BY HAND 


10%e -25%e 
RUB AND FIT BY HAND 
ASSEMBLE AND FIT BY HANO 
15%e 
CLEAN AND BLOW OFF 


BRUSH CORES WITH WATER 
FILE FILLETS 


15% 


PASTE -IN CORES TYPE I 

PASTE -IN CORES TYPE TASB 

GET, AND POSITION BLOCKING 

REPOSITION BY HAND 

HANDLE CORES BY CRANE 

UNLOAD AND STACK CAST IRON 
PLATES BY CRANE 

TAKE DOWN VERTICAL BUILD 
CORE BRICKS 


15*%/e - 25%e 


UNLOAD AND STACK STEEL 
PLATES MANUALLY 


20%e 


PASTE-IN CORES TYPE TZ C&D 

REPOSITION BY CRANE 

RUB CORES IN JIGS 

TAKE DOWN LATERAL BUILD 
STEEL RAILS 

MOVE CORE TRANSFER CAR 


BRUSH CHILLS 
REMOVE BEDDING SAND 


CLEAN HOOK HOLES 25% 
CLEAN PIPE VENTS 

TIE WIRES RUB AND FIT BY CRANE 
FILE JOINTS 

FILL JOINTS 











Fig. 4—Relaxation Allowances. 


Regular—A core which is relatively simple, with 
no deep pockets, overhanging edges, or high projec- 
tions, and which presents no special difficulty in 
cleaning, spraying, or brushing. 

Irregular— Cores which present difficulties in clean- 
ing, spraying, and brushing due to deep pockets in 
the core, thin ribs, overhanging edges, high projec- 
tions, or narrow deep openings to form ribs in a 
casting. An irregular core requires much more phys- 
ical movement on the part of the operator to com- 
plete the operations. 

Certain individual elements also require different 
classifications, which will be indicated in the element 
descriptions. 

Finishing Elements 


The elements of work which are performed in the 
finishing area and which concern the actual finish- 
ing of the core are of primary concern. Each element 
was plotted on a chart and the resulting curve was 
used to arrive at the proper values. As approximately 
25 charts were plotted to obtain all the values neces- 
sary, only certain typical charts will be illustrated to 
show the range of points.and values on the chart. 

Clean and Blow Off— The element “Clean and 
Bl. w Off’ is calculated on the weight and classifica- 
tion of the core and is plotted in Fig. 5. The opera- 
tion consists of cleaning the core in preparation for 
the finish coat. A file is used to smooth rough spots 
and edges on the core, and the loose sand and any 
other foreign material which may be on the core is 
blown off with an air hose. A constant value of 0.07 
min was allowed to compensate the operator for get- 
ting and replacing the equipment. The curves on 
the chart represent the values at 100 per cent, and to 
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this must be added the relaxation allowance of 15 
per cent plus an additional allowance of 10 per cent 
to compensate for minor patching or repair which 
may be necessary. The values may be read directly 
from the chart in making the tables. However, it 
proves quite satisfactory to prepare the table values 
by breaking the curve, when it is actually a curved 
line, into short segments and calculating the values 
in each segment separately. In this way, the tables 
may be broken into increments as small as may be 
desired. The calculation is done in the following 
manner, using the “regular” curve in Fig. 5 as an 
example. 


ADD 15% RELAXATION 
10%e MINOR PATCHING 


© REGULAR 
@ IRREGULAR 


MINUTES 


CONSTANT OF 0.07 INCLUDED IN VALUES 


or 





Fig. 5—Curve for Clean and Blow off Core. 


250 Ib—0.786 min plus 25°, — 0.9825 min of allowed 





time 
300 Ib—0.846 min plus 25° = 1.0575 min of allowed 
time 
If 300 lb — 1.0575 min 
250 lb — 0.9825 min 
Then 50 lb — 0.0750 min 
and llb = 0.0015 min 


Starting the calculation with 0.9825 min for 250 
lb and adding 0.0015 min for each additional pound, 
all the values falling on the segment of the curve 
from 250 Ib to 300 Ib can be calculated with the in- 
crement of advance being as great or small as may be 
required. When the curve as plotted on the chart is 
a straight line, or becomes a straight line, the values 
derived from that type of curve may be made with 
only one calculation as shown above. 

Spray Silica— This element is also calculated on the 
weight and classification of the core. The operation 
consists of spraying the surface of the core with silica 
wash, a ceramic type wash which is thinned with 
water to form a mixture suitable for spraying. This 
element carries a constant of 0.07 min to allow the 
operator time to get and replace the spray gun. In 
addition to the 10 per cent relaxation allowance, an- 
other 5 per cent is allowed to compensate for equip- 
ment delay, such as plugged spray guns, etc. 

Spray Blackening—This element consists of spray- 
ing the surface of the core with blackening wash, a 
plumbago base wash which is mixed with water to 
form a consistency suitable for spraying. Like the 
above element, it is plotted against the weight and 
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classification of the core and carries the same con- 
stant and relaxation allowance plus the 5 per cent 
added allowance for equipment delay. 

Brush Cores with Water— In order to assure a 
smoothly finished core without runs, heavy spots, or 
lightly covered spots on the core, it is necessary for 
each core to be brushed with a camels hair brush 
over the final finish coat. The brush is dipped in 
water frequently to carry out excess core wash which 
may be picked up in the process. This element is 
also plotted by using the weight and classification 
of the core as the variable factors. A constant of 0.07 
min is allowed for getting and replacing the equip- 
ment and a relaxation allowance of 15 per cent is 
added to the basic chart values. 

Dry Cores with Gas Torch—After the final finish 
coat is applied and the core is brushed, it is necessary 
to dry the finish coat. This is accomplished with the 
use of a pressure gas torch to produce the required 
degree of heat. As can be seen from the chart in 
Fig. 6, the curve advances very rapidly, then begins 
to level off at about 150 lb, and thereafter levels 
rapidly. The reason for this is that the lighter cores 
cool quite rapidly after being removed from the oven 
and therefore require proportionately more torch 
drying. The larger cores retain enough heat to dry 
nearly all the finish coat from the internal heat and 
only portions of them require drying by torch. This 
element is plotted by the weight of the core and car- 
ries a 10 per cent relaxation allowance. 

Paste-In Cores— In order to obtain the desired con- 
tour and shape of the finished core, it is often neces- 
sary to paste small cores into the large, or main core. 


ADD 10°%% RELAXATION 


MINUTE §$ 


CONSTANT OF 0.12 INCLUDED IN VALUES 





¢) 100 


WEIGHT OF CORE,POUNDS 


Fig. 6—Curve for Dry Cores with Gas Torch. 
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These small cores are termed “paste-in cores’ and are 
received from the bench finishing department with 
the finish coat applied. Paste-in cores have been div- 
ided into two types, I and II. 

Type I—Require getting the cores from the desig- 
nated storage space within the finishing area, filing 
the paste-in core to fit the main core, applying paste, 
and placing it in the main core. 

Type II—Require, in addition to the above, fin- 
ishing the joint which is formed by the paste-in core 
and main core. 

Time studies were taken on paste-in cores to cover 
the entire operation for each type, and it was found 
after plotting the values on a chart that these cores 
could be classified according to the weight of the 
paste-in core. These classes are “A,” to 1 lb; “B,” 1 
to 5 Ib; “C,” 5 to 10 Ib; and “D,” over 10 Ib. A 15 
per cent relaxation allowance was added to the chart 
values for all Type I and Type II A and B. Type 
II C and D carry a 20 per cent relaxation allowance 
to compensate for the extra difficulty in handling a 
paste-in core of this type and size. The values for 
these cores are shown on the table in Fig. 12. 

File Fillets— When the strike off surface, or plate 
side of the core forms a metal section of the casting, 
a fillet is usually indicated by markings on the pat- 
tern equipment. This consists of rounding off the 
sharp corners of the core with a file. This element 
is determined by the length of the fillet to be filed. 
A constant of 0.05 min is allowed the operator for 
getting and replacing the file, and the element car- 
ries a relaxation allowance of 15 per cent. 

Bedding Sand—Certain sections of various cores re- 
quire, in the green state, the support of sharp, or un- 
bonded, sand to support them until the core has 
been baked. Before applying the finish coat, this 
bedding sand must be thoroughly removed from the 
surface. A small rubbing stone, file, or a coarse grade 
of sandpaper may be used to accomplish this opera- 
tion. When the points were placed on the chart, it 
was found that two classifications were needed to 
cover the range of points. These classes were indi- 
cated as regular and irregular, depending upon the 
contour of the core where the bedding sand was 
placed. 

Regular—aA flat or nearly flat surface which is eas- 
ily cleaned with a file or rubbing stone. 

Irregular— A contoured surface requiring the care- 
ful use of the equipment to thoroughly clean the 
sand from the core. A cavity formed by a block type 
loose piece and having four or more surfaces in the 
core is also considered irregular. 

A constant of 0.07 min was allowed for the opera- 
tor to get and replace the equipment. This element 
carries a relaxation allowance of 15 per cent. 

Hooks— This value represents the allowed time for 
cleaning out hook holes in the core to assure proper 
space for core setting hooks in the molding depart- 
ment. The value per hook is a constant and is al- 
lowed 15 per cent relaxation. 

Pipe Vents— Pipe, or sprue vents in the core must 
be open to assure ample space for escaping gasses 
when metal is poured into the mold. The value rep- 
resents inspecting and cleaning out these vents, if 
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necessary. The value per vent is a constant and is 
allowed 15 per cent relaxation. 

Tie Wires, Tie-In Cores—Certain paste-in cores re- 
quire in addition to the paste the support of tie 
wires to hold them in the main core. The value 
represents the allowed time for cutting and tying the 
wire. The value per wire is a constant and carries 
a relaxation allowance of 15 per cent. 

Brush Chills—Chills placed in the core during the 
making operation require a specially prepared coat- 
ing to prevent them from adhering to the casting 
surface. This preparation is brushed on, and the value 
is dependent upon the square inches of area to be 
brushed. As the number of coats required may vary, 
the table values represent the brushing of one coat 
only. A constant of 0.05 min is allowed the operator 
to get and replace the material and equipment, and 
the relaxation allowance for this element is 15 pct. 

Reposition— The repositioning element occurs when 
it is necessary to the finishing operation. This is 
done either by hand for cores weighing to 200 lb, or 
by crane for cores weighing over 200 lb. A relaxa- 
tion allowance of 15 per cent is included in the 
value for cores repositioned by hand. The crane re- 
positioning time is a constant value including the 
crane operators and two hook-up men’s time. An 
overall relaxation allowance of 20 per cent is given 
the crane repositioning element, which compensates 
for the extra physical effort required of the hook-up 
men over ordinary crane lifts. 

Blocking—This value determines the blocking or 
wedging of the core, when required, after reposition- 
ing. It is treated as a constant and includes time for 
getting the blocking or wedging material from the 
designated storage space within the department and 
positioning the material. A relaxation allowance of 
15 per cent is applied to this element. 


Additional Elements in Pasting Operations 

The foregoing elements as described in the pre- 
vious paragraphs cover the actual finishing opera- 
tions which may occur on any core which does not 
paste or assemble with another. Additional opera- 
tions which are performed in the finishing area con- 
cern paste or assembly cores. In the cases of cores 
which paste together, the parts are referred to as the 
cope and drag halves, the cope being the upper half 
and the drag being the lower half of the pasted core. 
Three or more cores which paste together are re- 
ferred to as assembly cores. 

Clean Vents—To assure ample space for escaping 
gasses, the groove or scratch vents which are placed 
in the strike off surface of the core during the mak- 
ing operation must be cleaned of loose sand or any 
material which may obstruct them. The value is de- 
termined by the length of the vent to be cleaned. A 
constant of 0.05 min is allowed for getting and re- 
placing the equipment, and the relaxation allowance 
of 10 per cent is added to the values from the chart. 

Rub and Fit Cores Together (Hand)—In order to 
assure a good surface for pasting, the cope and drag 
halves of the core must be rubbed together. Caliper- 
ing the core is also necessary to make sure that the 
pasted core will have the correct dimensions. Cores 
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weighing to 200 Ib are rubbed by hand and the values 
which are used in the tables are a combination of 
the values taken from two charts. The first value 
concerns setting the cope half on the drag, rubbing, 
and calipering. As the weight of the core was found 
to be the governing variable characteristic, the points 
were so plotted on the chart, and a relaxation allow- 
ance was added which progressed from 10 per cent 
at 10 lb to 25 per cent at 200 Ib. 

The second value consists of setting the cope half 
off the drag, blowing off the excess loose sand, and 
then after applying paste to the drag half of the core, 
resetting the cope half and fitting together, making 
sure that the joints of the core match together. This 
value is also dependent on the weight of the core, 
and the relaxation allowance added was from 10 per 
cent at 10 Ib to 25 per cent at 200 Ib. The two values 
contain a constant of 0.15 min to compensate the 
operators for getting and replacing the equipment 
necessary to the operations. Since this operation per- 
tains to both the cope and drag halves of the core, 
it was felt that the time allowed should be divided 
equally between the halves. The values as used in 
the tables are one half of the total values plus re- 
laxation allowances as taken from the charts. As 
the charts are plotted against the weight of the core 
handled, which is the cope half, that weight is the 
governing factor for this value. The value as taken 
from the table is applied to both the cope and drag 
halves of the core; for example, a drag half weighing 
70 lb pastes with a cope half weighing 50 lb. The 
weight of the cope half being the governing factor, 
the value for 50 lb is applied to both cope and drag 
half cores. 

Rub and Fit (Crane) —Cores which rub and fit to- 
gether and weigh over 200 lb require the service of 
the overhead crane to accomplish the operation. The 
value is a constant and includes the crane operators 
time and the time of four men to hook up, level, and 
rub the core. In this operation the weight of the 
cope half is partially supported by the crane. The 
value includes hook up, level, rub, lift cope, blow 
off excess sand, reset cope and check for fit, repeat if 
necessary, unhook, and crane away. An overall re- 
laxation allowance of 25 per cent is applied to this 
value, with one half the total value being applied to 
both cope and drag halves. 

Jigs—Core rubbing jigs are a part of the core fin- 
ishing equipment furnished for certain cores. These 
cores, both cope and drag halves, are placed in the 
jigs and rubbed with a steel rubbing bar. The cores 
are then removed from the jigs and fitted together. 
Cores weighing to 200 lb are placed in the jigs and 
removed by hand, and heavier cores are placed in the 
jigs and removed by crane. Relaxation allowances 
of 10 per cent at 10 lb to 25 per cent at 200 Ib are 
allowed for handling those cores, and an overall re- 
laxation allowance of 15 per cent is allowed for crane 
handling, which reflects the crane operators and two 
hook up men’s time. A 20 per cent relaxation al- 
lowance is added to the rubbing time. The values 
include a constant of 0.95 min to compensate the 
operators for getting and replacing the equipment, 
including the jigs necessary to this operation. 
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Assemble and Fit—When three or more cores paste 
together, they are termed “assembly cores,” and each 
piece must be rubbed and fitted separately. The 
operation, apart from this, is essentially the same as 
for cores which rub and fit together by hand. The 
value is determined by the weight of the core and a 
relaxation allowance from 10 per cent at 10 Ib to 25 
per cent at 200 lb is added for this factor. 

Apply Paste— Paste is applied to only the drag half 
of paste cores. The paste, a preparation with a glu- 
cose base, is applied with a paste bulb in a continu- 
ous strip approximately 14-34 in. in width. The value 
is determined by the number of lineal inches of 
paste applied. A constant of 0.15 min is allowed for 
getting and replacing the paste bulb and starting 
the flow of paste from the bulb. A relaxation allow- 
ance of 10 per cent is added to the values from the 
chart as shown in Fig. 7. An additional allowance 
of 10 per cent is also made to compensate the opera- 
tor for refilling the paste bulb as required through- 
out the day. 


ADD 10%e RELAXATION 
10%. FILL PASTE BULB 


MINUTES 


ANT OF 0.15 MIN. INCLUDED IN VALUES 





INCHES OF PASTE APPLIED 


Fig. 7—Curve for Apply Paste. 


Finish Joints— After the cores are pasted together, 
the joints formed must be filled to prevent penetra- 
tion of metal into them. The preparation used is a 
heavy mixture of plumbago and water. The joints 
of paste cores are classed as regular and irregular to 
cover the range of points on the charts for filing and 
filling only. 

Regular— Joints which are straight or nearly straight 
and not broken by sharp curves or angles. 

Irregular— Joints which are broken by narrow open- 
ings, angles, sharp curves, or projections which pre- 
sent difficulty in filing and filling. 

This value is a combination of five elements. 

Element No. 1— File, is the first operation, and con- 
sists of filing the joint to remove any excess sand and 
assure a smooth joint. A constant value of 0.05 min 
is allowed the operator to get and replace the equip- 
ment. A relaxation allowance of 15 per cent is added 
to this element. 

Element No. 2—Fill, is the filling of the joint with 
the plumbago mix to prevent metal penetration. A 
constant value of 0.10 min is allowed for the opera- 
tor to get and replace this material, and a 15 per 
cent relaxation allowance is added to the chart values. 
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An added allowance of 5 per cent is given to com- 
pensate for kneading and conditioning the filler in 
preparation to applying it to the joint. 

Element No. 3— Spray, is the spraying of the joint 
with blackening wash. Relaxation and equipment 
delay allowances are the same as for the element 
“Spray Blackening.” 

Element No. 4— Brush, is the brushing of the joint 
with water. The relaxation allowance is the same as 
for the element “Brush Cores With Water.” 

Element No. 5— Dry, is the drying of the joint with 
a pressure gas torch. The relaxation allowance is 
the same as for the element “Dry Cores With Gas 
Torch.” 

The values are determined by the length and class 
of the joint finished. Elements No. 3, 4, and 5 con- 
tain no constants, as they are continued from other 
elements already carrying the constants. The joints 
of cores which rub and fit together but do not paste 
are filed only. On certain other cores the joints are 
filed and filled only, while on the remainder the 
joints are completely finished. The tables indicate 
each of these operations. The table values are one 
half of the chart values plus relaxation and other 
allowances, with the cope and drag halves each re- 
ceiving the value as shown on the table. 

Miscellaneous Elements— Other miscellaneous ele- 
ments concerning paste or assembly cores occur only 
occasionally and can be summed up briefly. These 
include “Cover Gate and Riser Openings,” which 
concerns assembled core molds. The openings are 
covered with paper, which is pasted in place to pre- 
vent foreign materials from entering the assembly 
during storage. This element is given a relaxation 
allowance of 10 per cent and the value is determined 
by the number of openings covered. 

“Tie Wire, Bearing Ends” determines getting, cut- 
ting, and tying wire around the bearing ends of cer- 
tain paste cores to prevent them from separating or 
warping apart after cooling. A relaxation allowance 
of 15 per cent is added for this element, the value 
being determined by the number of wires cut and 
tied. Both cope and drag halves of the core receive 
equal values as shown on the table. 

“Tie Wires, Hook Ends” is essentially the same 
operation except that the wire is tied through ad- 
joining hooks in the paste cores, the hooks being 
placed in the core during the making operation. 

“Tie Wires, Assembly Cores” determines the get- 
ting, cutting, and tying of wire around core assem- 
blies to prevent them from separating after cooling. 
The value is determined by the number of wires cut 
and tied. A 15 per cent relaxation allowance is added 
to this element, and the value as shown on the tables 
must be pro-rated to the cores around which the wire 
is tied. 

Handling Factors 

The handling factors concern getting the cores 
from the night drying ovens to the finishing area, 
disposing of core plates, builds, etc., and removing 
the completely finished cores from the finishing area 
to storage areas. The equipment used in this plant 
and the methods employed will vary from those em- 
ployed in other plants; therefore, these items as dis- 





362 





Fig. 8—Core cars being loaded with green cores. The 

method of making builds with core bricks and steel rails 

is clearly shown, along with various types of core plates. 

The cores shown are typical of those being finished daily 

by the Core Finishing Dept. These cars are 1312 ft long 

and 7 ft wide, and builds may be made to a height of 
5 tt, 4 in. 


cussed in this paper show the approach and solu- 
tion to the problem in this plant only. As previously 
stated, the complete finishing standard must reflect 
these handling operations as well as the finishing 
operations already described. The factors arrived at 
to cover the handling are described with an explana- 
tion of the various values from which they were con- 
solidated. A general description of these values is 
considered by the writer to be sufficient in covering 
these values. 

Car and Plate Value—This value represents the 
removal of the loaded core car from the night dry- 
ing ovens, bringing the car into position to unload, 
and the disposal of the core plates, builds (rails and 
bricks), and the unloaded core car. Figure 8 shows 
the method of loading the core car. 

A combination of the following values, all of which 
are dependent upon the projected area, height, or 
both, of any given core completes the value. Two 
tables, one for cores baked on steel plates and one 
for cores baked on cast iron plates are built from 
these values. 

1. The total man minutes, including the relaxa- 
tion allowances, were determined to cover the opera- 
tion ef removing the loaded core car from the oven, 
positioning to unload, and removing the car after 
it was unloaded. The value was pro-rated according 
to the number of cores of any given projected area 
and height which could be loaded on a core car with 
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162 by 84 by 64 in. of useful building volume, tak- 
ing into consideration the heights of the plates, rails, 
and bricks included in the loading build. This value 
then covers all car handling required. 

2. The value per plate for unloading and stack- 
ing steel and cast iron plates of the various sizes en- 
countered was determined. These values covered 
both manual and crane unloading. The values for 
transporting these stacked steel or cast iron plates 
was prorated according to the average number of 
each size and type which are transported at one 
time. By converting the dimensions of the plates to 
area, the allowed time, including relaxation allow- 
ances, for any given steel or cast iron plate was cal- 
culated. It was found that the average core required 
a plate with an area approximately 50 per cent 
greater than the projected area of the core, and this 
basis was used to determine the area of the plate re- 
quired. (This type plate used is a part of the pre- 
determined information mentioned earlier). This 
value then covers all plate handling, and included 
is an extra allowance for handling core driers, when- 
ever necessary. 

3. The value for removing the rails from the 
builds and placing them on the bottom rack of the 
car was pro-rated according to the size of the plate 
required. 

4. The value for removing the core bricks from 
the builds and placing them in trays was prorated 
according to the size of the plate required and the 
height of the core. 

Cores to Finishing Area—Cores are unloaded from 
the car either manually or by crane and placed on 
the steel horses in the finishing area. Cores weigh- 
ing to 75 lb are carried by hand, with a relaxation 
allowance of 10 per cent at 15 Ib to 20 per cent at 
75 Ib added to the values from the chart. The crane 
unloading is a constant value for cores weighing over 
75 lbs. The craneman’s time and hook up man’s 
time are included in this value, with a relaxation 
allowance of 15 per cent added. 

From Finishing Area to Storage—Cores are stored 
in either the “Machine Storage Areas” or the “Hill 
Storage Area” according to the location of the mold- 
ing center where the cores are used. 

Cores stored in the Machine Storage Areas weigh- 
ing to 75 lb are carried by hand, with a relaxation 
allowance of 10 per cent at 15 lb to 20 per cent at 
75 lb added to the values from the chart. Cores 
weighing over 75 lb are stored by crane, the value 
being a constant and including the crane operator's 
and two hook up men’s time. A relaxation allow 
ance of 15 per cent is added to this value. 

Cores stored in the Hill Storage Area are loaded 
on pallets which are then moved by hand into the 
adjoining bay. The crane in this bay transports the 
loaded pallets to the storage area, where the cores 
remain on the pallets until used by the molding de- 
partment. The total time required, plus allowances, 
was calculated for the handling of one pallet. This 
value was then pro-rated according to the average 
number of cores stored per pallet by weight. The 
cores are loaded on the pallets either by hand or by 
crane, and these values were calculated in the same 
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manner as the handling times previously described. 
A combination of these two values as applied to the 
weight of the core determines the total value for 
this factor. 

In both the Machine Storage Areas and the Hill 
Storage Area there are cores which are stored after 
pasting or assembling. In these cases, the total pasted 
or assembled weight is used to determine the method 
of storage, and that value is pro-rated to the halves 
of the pasted core or parts of the assembled core. 

Rebaking— Certain cores, after being partially fin- 
ished, must be reloaded on the core car for rebaking 
to assure a thoroughly dried core. The value is a 
constant as all such cores require crane handling. 
The value includes the crane operators and two 
hook-up men’s times and carries a relaxation allow- 
ance of 15 per cent. Cores which are rebaked go 
through the “Car and Plate” and “To Horses, Floor’’ 
cycles twice, and therefore receive double values for 
these factors. 

Roll Over for Crane Handling to Storage— Certain 
cores, to be stored properly with the crane, must be 
rolled over either by hand for cores weighing to 200 
lb or by crane for cores weighing over 200 lb. These 
values are determined in the same manner as for the 
element “Reposition.” 

Blocking in Storage— To prevent damage to the 
finished cores which are stacked in the storage areas, 
blocking or wedging is required in some cases. The 
value for this element was determined in the same 
manner as that for “Blocking after Repositioning.” 

Set-Up Time—A study was taken of the time re- 
quired to prepare for the next day’s operations, and 
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Fig. 9—Floor finishing operation data in core department. 
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it was found that it was necessary to allow 3.00 man- 
hours at the end of each day for this work, which is 
termed “Daily Set-up Time.” It includes sweeping 
the car unloading station and the finishing area, mix- 
ing core paste, joint filler, silica and blackening 
washes, and cleaning the spray equipment. 

100 Per cent Coverage—A requirement of the plan 
is complete standard coverage on all cores finished. 
This is necessary because the men work as a group 
rather than individually, thereby making it impos- 
sible to separate any off standard time for the com- 
plete finishing operation of any particular core. The 
only non-incentive time possible for any individual 
of the group is an unavoidable delay beyond the 
worker’s control, or for extensive repair work on 
damaged cores. In any case, the non-incentive time 
requires the approval of the foreman of the group. 

Recording the Finished Cores— The cores produced 
by the Floor Coremaking group each day are pro- 
cessed through the finishing department on the fol- 
lowing day. The foreman of the finishing group is 
furnished a report showing the pattern number, box 
number, and number of pieces made from each par- 
ticular box which will be processed through the de- 
partment. This report is completed by the foreman 
to show the pieces finished and is then forwarded to 
the Standards and Payroll Department for calcula- 
tion of performance and premium. 

Table Arrangement—The tables as shown in Figs. 
9 to 17 are arranged conveniently with the elements 
of work which are dependent upon certain variables 
grouped together. The tables in Figs. 9, 10, 11, 12, 
and 13 cover all finishing operations which may be 
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Fig. 10—Addition floor finishing operation data. 
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CLEAN ARD SILICA 


2. 
2. 


2.41 


2.46 


2.50 





EXTENSION OF BLES 











Spray Silica, Regular Extend at .001527 per 1b. 
Spray Silica, Irregular * © ,001971 se 
Spray Blackening, Regular * © 001090 * * 
Spray Blackening, Irregular * 8 001542 ee 
Brush, Regular * © 001334 ee 
Brush, Irregular ® e +001570 ied 
Clean and Blow Off, Regular * © cops °* °® 
Clean and Blow Off, Irregular * © ,0014206 "* * 
Dry With Torch e 6 00041525 * * 














Fig. 11—Floor finishing data. 





CLEAN OFF BEDDING SAND 
Irreg 





TENS 108 


Reg.  -0041818 Sq. In. 
Irreg. .013846 Sq. In 








Fig. 13—Floor finishing data. 
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Area jj/All, Time 
Sq. In. r coat 
5 12 
10 +17 
1 222 
= -_— =: GLEAN OUT BOOK SOLIS 
25 230 @ch- .19 
30 5 
2 id 
‘ - 39 
- a4 
a5 
35 ° GLEAN OUT PIFE VENTS 
2 5) @ch- .19 
70 56 
2 59 
Ol 
85 6h 
67 
i) TEE WIRES, TIE-IN CORES 
100 | .73 ech 47 
110 = 
120 . 
130 +90 
140 : 
50 1.0. 
160 1,07 REPOSITION FOR FINISHING 
1.12 
1 1.18 By Hand to 200% 33 
190 1.24 By Crane 200f-up 4.19 
2 1,30 
PASTE-IN CORE MOCK AFTER REPOSITIONING 
@ch- .45 
«58 | 1.8% | 4.32 | 6.96 
EXTENSION OF TABLES 
File Fillet 201 per lin. in. 
Brush Chills, per coat .0057 per sq. in. 

















When two cores peste 
together from the sane 
box, use one half the 
value for “Apply Paste”. 
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EXTENSION OF TABLES 





Clean Vents 00604 per inch 
Finish Joints, Reg. 024 .*s 
Finish Joints, Irreg. “ame °¢ © 
Apply Paste 00143 * * 
File and Pill Only Reg. .01461 * * 
Pile and Fill Only Irr. .02186 * * 
Pile Only Reg. 2005 ° # 
File Only Irreg. 20075 *§ = 














Fig. 12—Floor finishing data. 


necessary for cores which do not paste. Additional 
values concerning cores which paste or assemble are 





Fig. 14—Floor finishing data. 


shown in Figs. 14 and 15, while the handling values 
are shown in Figs. 16 and 17. A neat, convenient 
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RUB AND | RUB AND WEIGET RUB AED 


25 1.38 10 
+47 1. 15 


5-92 
5-98 


30 6.16 


45 











RUB AND FIT, CRANE TIE wWIRS 


Bearing ends, per core .25 
Hook ends, per core .39 
(apply to both cope and drag) 


Over 2008 percore 6.85 
(apply to both cope and drag) 


TIE WIRE AROUND ASSEMBLY CORES 
ech vire °77 




















COVER GATE AND RISER OPENINGS 
(ASSDBLY CORES) 











each opening 250 














Fig. 15—Floor finishing data. 
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CAR AND PLATE VALUE — STEEL PLATES 


‘97 | 1.08 


1.30 | 1.42 
“es 





CAR AND PLATE VALUE — CAST IRON PLATES 



































Projected Area HEIGHT OF CORE 
of Core 2" at on 10" | 148 18" 22" 26" 
To 550 Sq. In. | 2.24] 2.29 | 2.25 | 2.66 12.99 | 3654] 3.63] 3.73 
550 = 900 2.46 | 2.53 | 2-61 | 3-04 [3.49 | 4.26) 4.39] 4.52 
900 = 1200 3225 | 3.48 | 3.66 | 4.12 14.79 | 5.92 | 6.33] 6.% 
1200 = 2300 B.93] 5.26 | 5-49 | 6-09 16.99 | 6-50] 8.78] 9-06 
Over 2300 5-79 | 5085 | 6022 | 7.02 | 8.22 | 10.2% | 10.62 | 10.90 














CORES TO HORSES 


Wei cht 





| RECAD FOR REBAKING = 4.75 on. 








Nete: Cores which gre reloaded for rebaking 
go through 2 cycles of the "Car and 
Plate" and "To Horses" elements, and 
will therefore receive doutle valuec 
for those elements. 























Fig. 16—Floor finishing data. 


and easy-to-use set of tables is essential to successful 
standard setting, and this portion of any Standard 
Data development should be given adequate work 
and attention to make the tables understandable to 
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TO MACHINE FLOOR STORAGE TO KILL FLDOR STORAGE 











Weight] All. 
of Tine 






15 
20 


+50 


053 








ROLL OVER FOR CRANE HANDLING TO STORAGE 





By Hand = 80 = 200 AD on. 
Py Crane = over 200 4.19 eo. 














[ mcceiNo OR WEDGING IN STORAGE - .45 «.| 








[ Note: In determining the correct storage values for cores which paste or 
assendle, the total pasted or assembled weight will be used, with 

the values pro-rated to the halves of the pasted core or parts of 
the assembled core. 

















Fig. 17—Floor finishing data. 


any person familiar with the type of work concerned. 
The values on the tables are calculated to the nearest 
hundredth of a minute to simplify the setting of 
standards. 


Pre-Check and Application 


As soon the the tables were sufficiently developed 
to permit the setting of standards, a three week pre- 
check was made. This pre-check showed that the 
Standard Data Tables covered the range of work 
being processed through the department, and that the 
standards were consistent (one job with another). 
Observation of the group and discussion with the 
foreman of the group during the pre-check period 
indicated that the performances calculated were ex- 
ceptionally close to the expected performance at that 
time. After the pre-check was completed, the stand- 
ards were put into actual use. The group had pre- 
viously worked under an indirect labor incentive 
plan, and therefore realized the advantages to be 
gained under an incentive plan. The men asked 
many questions which were explained thoroughly to 
them, and after being familiarized with the Standard 
Data standards, they accepted them as being the most 
accurate measure of work produced, knowing that 
any changes in methods or finishing requirements on 
a core would be immediately reflected in the stand- 
ard. 


Factor Card 


In order to make use of the Standard Data Tables, 
a “Core Finishing Factor Card” was designed to show 
all the operations necessary for core finishing. This 
card, as shown in Fig. 18, was designed to accommo- 
date both bench and floor core finishing values and 
standards. 

The upper portion of the card contains informa- 
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FIT, HAND 
vr 
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Fig. 18—Core finishing factor card showing applica- 
tion of values for a drag half paste core. 


tion which identifies the core as well as certain char- 
acteristics of the core necessary to arrive at the prop- 
er values from the tables. The lower portion of the 
card is divided into three columns, the first column 
being concerned with factors which pertain to opera- 
tions performed in the finishing area. The second 
colmnn concerns additional finishing operations per- 
taining to paste or assembly cores only, and the total 
finishing allowance is recorded at the bottom of the 
second column. Handling factors only appear in the 
third column, with the total handling allowance re- 
corded. The Total Finishing Standard, which is re- 
corded in the lower right corner of the card, is cal- 
culated to the nearest tenth of a minute and indi- 
cated on the upper portion of the card in the proper 
space. This standard is entered on the Master Stand- 
ard Record, and the factor card is filed for future 
reference. If any change occurs in the equipment or 
method of finishing the core, a new factor card is 
made out showing the new standard. The old fac- 
tor card is placed in an obsolete file with notations 
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explaining the change, and is retained as a record of 
the original standard. 


Write-Up 


When a Standard Data Set-up is ready for appli- 
cation, a complete and comprehensive write-up 
should be made describing the location and condi- 
tion of all equipment and materials used for the op- 
erations and a complete analysis of the methods used. 
Explanations of all elements, the relaxation allow- 
ances used, and the combining of any elements to 
form factors should be included. Photographs or 
floor plan sketches of the work area and locations 
of various equipment are helpful in explaining de- 
tails of the work analysis, etc. Whenever any change 
in methods or equipment is made, the portion of the 
tables affected should be checked and discussed thor- 
oughly, and new studies should be made if they are 
found to be necessary. It is of the utmost importance 
that the Standards Department keep abreast of all 
changed conditions in the plant, as Standard Data 
Tables are workable only so long as the conditions 
under which the tables were developed remain in 
effect. 

The development of Standard Data is often a time 
consuming operation, but the final advantages real- 
ized from a good set of Standard Data Tables repays 
the effort expended many times over. Any time study 
man familiar with the proper technique of taking 
time studies, and having the imagination to visualize 
the problems which may be encountered and the re- 
sults to be obtained, can develop good Standard Data 
Tables which are complete and workable. The de- 
sire of any plant manager is to maintain quality pro- 
duction. Honest and equitable standards set by such 
tables can contribute greatly to this end and at the 
same time gain the good will of the workers in the 
plant. 











RESINS AND SANDS FOR SHELL MOLDING 


By 


Manuel F. Drumm* 


ABSTRACT 


The proper choice of a sand and the resin binder for shell 
molding determine to a large extent whether the process will be 
successful and economic. Most resins perform differently in de- 
gree and their utility depends upon their physical properties 
and the mechanism of the thermosetting reaction. Some are far 
superior to others. A cheap sand with the desired fineness is not 
always an economic shell molding sand. The performance of a 
sand on the automatic machine is dependent greatly upon the 
particle size distribution and grain shape, but of extreme im- 
portance is the condition of the surface of the sand. 

The choice of molding materials may be guided by prope 
screening methods and once production has started, control 
methods must be inaugurated to insure smooth and economic 
operation. 


The shell molding process for the casting of metals 
has presented to the foundryman a new opportunity 
to express his resourcefulness. No longer is he deal- 
ing with a wet molding medium which is jolted or 
rammed to shape; rather, it is with a dry, free-flowing 
mixture which is molded by the force of gravity and 
the action of heat on a resinous binder. Many of the 
previous theories on flow and packing, which may be 
sound in themselves, lend to confusion, since, except 
for a few basic principles, the similarities of green 
sand molding and shell molding disappear. 

Each of the two components of a shell molding 
mixture, sand and resin, contribute to the success of 
the process. For clarity of comprehension, each must 
be understood thoroughly. The foundryman has an 
inherent knowledge of sands, their limitations, their 
reaction with metals and refractoriness. It lies, there- 
fore, with the resinologist to familiarize the foundry- 
men with the technology of these binders which are 
so important to success of shell molding technique. 

There are many excellent publications on resinous 
materials and one may satisfy his interest to any ex- 
tent. However, there is little written of a general 
nature with emphasis on one application, viz., found- 
ry. This paper, therefore, is designed to bring before 
the consumer the general characteristics of the mater- 
ials with which he will be concerned during his 
association with shell molding. 


* Foundry Applications Research, Monsanto Chemical Co., 
Plastics Division, Springfield, Mass. 
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The Resin 


Resinous materials are classified broadly as ther- 
moplastic and thermosetting. The former is gener- 
ally defined as 1 material which may be subjected to 
heat in a reversible manner without undergoing a 
chemical transformation. For example, some metals 
may be melted, cooled and remelted, under controlled 
conditions, with no chemical change. These are ther- 
moplastic by common definition. Thermosetting res- 
ins are those which will transform to an infusible, in- 
soluble state when subjected to heat, and this pro- 
cess is not reversible. Thermoplastic resins include 
wood rosin, nylon, polystyrene, polyethylene and 
polyvinylchloride. Typical thermosetting materials 
are certain types of polyesters, urea-formaldehyde, 
melamine-formaldehyde, resorcinol-formaldehyde and 
phenol-formaldehyde resins. 

As shell mold binders, any of the above might be 
used, providing the processing conditions were so 
adjusted. It is apparent, however, that only the ther- 
mosetting types could make the shell production 
cycle economical, at least with our present process 
know-how. Of these thermosetting materials, only 
the urea-formaldehyde and_phenol-formaldehyde 
types are economically feasible. It is these, therefore, 
with which the discussion will deal. 

Phenol-formaldehyde resins are prepared by react- 
ing phenol and formaldehyde in the presence of a 
catalyst. The formaldehyde is provided generally as 
a 37 per cent water solution; the phenol is supplied 
quite pure. The reaction is allowed to proceed under 
carefully controlled conditions, and then the water is 
removed. Depending upon the ratio of reactants, the 
catalyst and conditions of reaction, a large variety of 
products are accessible, among which are liquid resins 
(binders for coated abrasives, grinding wheels, core 
binders), solid thermosetting resins (glass wool insula- 
tion, wood pulp molding) and thermoplastic resins 
which are caused to thermoset by mixing with a cross- 
linking agent (shell molding, grinding wheels, mold- 
ing powders). Very generally, the use of a basic cata- 
lyst and a mole excess of formaldehyde will result 
under carefully controlled conditions, in the forma- 
tion of a thermosetting material which may be in 
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either solid or liquid form. An acid catalyst and slight 
excess of phenol will offer a thermoplastic resin which 
is used almost exclusively in the solid form. 

The thermosetting phenolic resins may be “hard- 
ened” merely by the application of heat. No addi- 
tional catalyst is necessary. This reactivity, unfortun- 
ately, is not limited to extreme heat, as they will ad- 
vance or react slowly at room temperature. There- 
fore, it is necessary to inventory under refrigeration 
if large amounts are to be accumulated for an ex- 
tended period. 

The thermoplastic phenolics, on the other hand, 
will not set, even when heated, unless mixed with a 
setting or cross-linking agent. This agent is common- 
ly hexamethylenetetramine, a condensation product 
of ammonia and formaldehyde. It is crystalline and 
may be ground to a fine powder. The resin and 
cross-linking agent are pulverized together and thor- 
oughly blended. In this state, they may be stored 
indefinitely, so long as moisture is omitted and they 
are not exposed to excessive heat. 

Thus, it remains that so far as shell molding is con- 
cerned, with the present machines available and pro- 
cess requirements, the solid, thermoplastic, phenol- 
formaldehyde resin to which has been added a cur- 
ing agent, is the most universally adaptable phenolic 
binder in use today. 

It has been indicated that thermosetting urea-for- 
maldehyde resins will find application in shell mold- 
ing. They have not been used successfully with the 
ferrous metals, but some promise is held for use with 
aluminum, magnesium and their alloys. It appears 
that, at the pouring temperatures of most ferrous 
metals, the evolution of gases by these polymers, 
whether by their nature or rate of evolution, causes 
serious casting defects. The usual surface defects have 
been noted, in addition to severe internal porosity. 
This has been true in some cases with the bronzes, 
a'so. 

Pouring temperatures of the light metals, however, 
are sufficiently low to minimize gassing. Phenolics 
do not break down as readily as urea resins and, at 
low pouring temperatures, a shake-out problem may 
arise. The inexpensive nature of urea-formaldehyde 
resins and ease of shake-out provide a promising 
binder for the shell casting of the light metals. 

Urea-formaldehyde polymers are prepared in either 
the liquid or solid (usually spray-dried) condition. 
Both forms may be used as core binders, but the solid 
form is employed in shell molding. Mixing the dry 
materials with phenolic resins give a variety of bind- 
ers whose properties will vary considerably and offer 
a large number of shell molding resins. 

The use of urea resins has not been evaluated by 
many foundries and practical knowledge on their use 
for this application is very limited. Since the phenol- 
formaldehyde types are being used for all applica- 
tions, and since it is with these the foundry will be 
most concerned, the detailed discussion will be limited 
to these materials. 

The properties of a resinous material vary slightly 
from batch to batch to some degree, even though its 
production is controlled carefully. Performance of 
the product is related to its properties and strict 
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record is kept on each batch. Normally, for control 
purposes, the following characteristics are measured: 
softening point, cure time, flow, particle size and cur- 
ing agent concentration. There are many methods 
by which these measurements are made. However, a 
brief description of one method used for each deter- 
mination will suffice to illustrate the principal. 


Control Tests for Shell Molding Binders 


Softening Point: Since these resins are amorphous, 
they have no true melting point. However, as heat is 
applied, they soften, and a measure is made of the 
temperature at which the material softens sufficiently 
to adhere to a plate under constant pressure. This 
may be accomplished by use of a polished copper 
block which is heated to provide a temperature grad- 
ient over the desired range. A small sample of con- 
stant volume (and weight) is allowed to fall upon 
the block, remain there for a given period, then 
brushed with a camel's hair brush with constant pres- 
sure, at a constant rate. The temperature at which 
the solid adheres sufficiently that it will not brush 
off and below which it may be removed by brushing 
is termed the softening point. Figure 1 illustrates 
this principal. 





Fig. 1—Determination of softening point of a resinous 
material. 


Cure Time: The rate at which a resin cures is prob- 
ably the most controversial of all measurements. The 
determination of a cure or setting time does not re- 
veal much unless one can determine the melt viscos- 
ity, length of time during which the resin remains 
fluid and the nature of the cured product, among 
others. These important properties are extremely dif- 
ficult to measure, and little has been accomplished to 
do so. Thus, the determination of a cure time must 
serve for the present. Figure 2 shows a controlled hot 
plate whose surface has been polished and the tem- 
perature of which may be adjusted carefully. A sample 
of given weight is placed on the plate and a timer 
started. The sample is stroked with a spatula that 
remains in constant contact with the resin. When 
the material cures to the point where it will no 
longer flow and has a dry surface appearance, the 
timer is stopped and the time recorded as “film cure 
time.” 
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Flow: The determination of flow, such that it is 
comparable to and may be related with that occurring 
in the many diverse applications of resinous prod- 
ucts, has not been accomplished. However, a method 
which allows comparison between resins is available. 
A pill composed of the desired resin is placed on a 
graduated plate, such that its leading edge touches a 
zero line. The plate is set horizontally on a fixture 
which is in a carefully controlled oven at an arbi- 
trary temperature. The oven is closed and the plate 
allowed to remain horizontal for 5 min. It is then 
tilted, automatically, to 65 degrees and allowed to 
remain so for 17 min. The flow is then determined 
as the total forward flow of the pill. The results of 
this test are shown in Fig. 3. 

Concentration of Curing Agent: Shell mold binders 
are, for the most part, two-stage or thermoplastic 
polymers admixed with hexamethylenetetramine, 
(CH,) gNy. Providing no other nitrogenous materials 
are available, the concentration of cross-linking agent 
may be measured by determining the amount of nitro- 
gen present. This may be done by the common Kjel- 
dahl method. 

Particle Size: These binders are usually pulverized 
so that less than 2 per cent is retained on a standard 
U.S. 200 mesh sieve. Their average particle diameters 
are in the range of 10-20 microns. A particle size dis- 
tribution for a shell molding resin as determined by 
particle count is given in Fig. 4. 


Resin Properties and Characteristics 


The specifications of some typical shell mold bind- 
ers are given in Table 1. The range in these values 
is necessary to insure a controllable process; these 
properties are within the 95% confidence limits. 


SPECIFICATIONS OF SOME TYPICAL SHELI 
MOLDING RESINS 


TABLE | 





Resin A B Cc 

Softening Point (°C) 98-108 90-105 95-105 
Film Cure Rate at 

150 C (300 F), sec 35-50 40-75 

155 C (310 F), sec 60-110 30-55 
Flow at 125 C (257 F) mm 10-30 12-20 25-50 
Particle Size (4200 Mesh), % 1.5 1.5 1.5 
Nitrogen Content, % 3.35-3.85 4.42-5.42 3.35-3.85 








Fig. 2—Determination of cure time of a thermosetting 
resin. 
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Fig. 3—Measurement of flow of a thermosetting resin. 


The properties of shell mold binders have not 
been correlated successfully to their performance on 
a variety of patterns and machines. It is re-emphasized 
these figures do not tell the whole story. Only with a 
great deal of experience can one predict the general 
performance of a binder from its control properties. 

So that the consumer of these molding materials 
may have a deeper appreciation of the complexity of 
the materials with which they are dealing. Figure 5 
should be considered. This diagram represents the 
manner in which the rheological properties of some 
thermosetting resins vary with time at constant tem- 
perature. 
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Fig. 4—Particle size distribution of a shell molding resin. 
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Fig. 5—Physical changes during the curing process of a 
thermosetting resin. 


In Fig. 5, the line AB represents a melting process 
during which there is a decrease in viscosity and the 
binder coats the sand grains and flows toward the 
heated pattern. At B, flow is stopping and the resin 
is beginning to cure. Here, the sand grains are in 
their permanent position. BC shows the increase in 
rigidity as the resin continues to harden. Let us 
presume that at point S, the resins appear the same 
visually under the conditions of the film cure test. 
Also, it is feasible that the resins have comparable 
softening points and flow values. Depending upon 
the path which the hardening process follows, BC, 
BD or BE, the ejection of the shell at time t, will 
furnish a rigid shell, a pliable or a soft shell and a 
very rubbery shell, respectively. Also, it is probable 
that resin BE would not have formed a bond suffi- 
ciently strong at t, and the shell will fall from the 
pattern. At the other extreme, it is possible that 
resin BC set the sand grains too quickly, thus pre- 
venting an excellent shell surface. 

Thus, it is performance, not properties that offers 
success. It could well be that one resin is preferred on 
certain jobs, yet be considered less satisfactory for 
others. 

Phenol-formaldehyde resins may be used success- 
fully for the casting of ferrous and non-ferrous metals. 
The limitations of the process are not known. The 
only noteworthy difficulties have been with the low 
carbon, mild steels, but these too will be cast suc- 
cessfully, when the metallurgy of the mold-metal in- 
terface is understood more clearly. Urea binders may 
be used for aluminum, magnesium and their alloys, 
and it may be preferred here due to ease of shake-out, 
as compared to the more heat-resistant phenolic, Urea- 
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binders are not used successfully for brasses, bronzes 
or ferrous metals because of porosity of the castings 
due to gas. Even though phenolics are notably more 
heat resistant than ureas, except for aluminum and 
magnesium, casting temperatures are far above the 
decomposition temperatures of both. Rather, it is 
the nature of the product formed and/or the rate of 
evolution which cause the difficulty. The decomposi- 
tion of a phenolic resin has been observed to pass 
through a tarry stage as contrasted to that of urea 
resins which pass directly to a completely disordered 
ash. This may account somewhat for the greater 
strength of phenolics over a longer period of ex- 
posure to high temperatures. There is need for re- 
search here. 


The Molding Mixture 


The performance of shell mold binders may best 
be shown by tests performed on shell molding mix- 
tures. One sand was chosen and used as a basis for 
comparison of several resin binders. These binders 
were chosen indiscriminately from those produced by 
the leading resin manufacturers specifically for the 
shell molding process. 

The sand used was an Ottawa sand with the sieve 
analysis shown in Table 2, as determined on several 
shipments. Before any testing was accomplished, the 
sand was graded to insure a relatively uniform sieve 
analysis. 








TABLE 2—-PARTICLE $1ZE DISTRIBUTION OF THE STAND- 
ARD TEest SAND 

Analyses Number—Per Cent Retention 
U. S. Sieve No. 1 2 3 

30 0.00 0.00 0.00 

40 0.00 0.00 0.00 

50 0.00 0.00 0.00 

70 0.16 0.00 0.10 

100 2.34 2.36 3.74 

140 40.60 41.26 47.70 

200 36.90 36.54 31.28 

270 12.90 13.04 12.12 

Pan 6.04 5.56 5.06 

Total 98.94 98.7 100.00 
A.F.S. Fineness No. 138 138.5 133.7 





The resinous binders to be considered have the 
properties shown in Table 3 according to the pre- 
vious test methods. 


TABLE 3——PROPERTIES OF SOME SHELL MOLDING RESINS 





Resin 
D iE . © &. tj & & 





Softening Point, °C 103 100 95 92 105 107 111 101 102 
Film Cure Rate at 

150°C, sec 40 27 55 40 49 53 42 74 56 
Flow at 125°C, mm i 2 a oe: a A ie. ae 
Particle Size (+200 


mesh), % 0.51 0.53 0.13 0.62 1.33 6.0 10.040.21 0.47 
Nitrogen Content, % 3.58 4.72 3.66 5.38 4.3 3.62 4.22 2.5 5.00 
Water Content, % 1.20 2.61 1.15 1.26 0.57 0.63 3.33 2.00 





The decision which designates the resin to be used 
in a particular shop should be based upon sound 
reasoning. It depends upon the mechanical limita- 
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tions of the shell producing machine, the geometry of 
the pattern, required handling, method of handling 
and assembling, among others. It has been indicated 
that though one resin may perform excellently on one 
job, it may not be so satisfactory on another which 
utilizes different ovens, pattern design or mechanical 
adjustment. Also, it has been shown that if an auto- 
matic shell making machine has been adjusted to con- 
ditions optimum for one resin, it is possible that no 
other binder will operate to its best advantage under 
those conditions. In the early days of shell molding, 
the machines were “designed for the resin.” Now, 
however, the many types of machines available and 
more diversified patterns require that the resin manu- 
facturer maintain an active line of binders, one of 
which will prove satisfactory for almost any job. 
In many cases, the foundry engineers available 
through the resin manufacturer, can size up a job 
reasonably well and make an intelligent recommenda- 
tion of the types of binders to be used. This becomes 
increasingly difficult, as the process becomes more 
widespread, since the number of these trained people 
is not large. Also, there is no reason why, with a little 
background in resin technology, the foundryman can- 
not evaluate many resins in a short period, without 
attempting a production run. This is to be recom- 
mended for the foundry, rather than attempting to 
set up a control laboratory for the determination oi 
the properties of the resins themselves. The latter 
would allow the foundry to check each batch of resin 
against the specifications of the manufacturer, but this 
would require extensive training of personnel in the 
test methods of each manufacturer, the adoption of 
statistical analysis and a long range program to estab- 
lish a correlation between sets of data. The anti- 
climax is that when these properties have been de- 
termined, no satisfactory correlation between resin 
properties and performance on the shell molding line 
has been established, even by those who have the most 
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diversified experience with shell molding, the resin 
manufacturer. It remains, therefore, that the found- 
ryman should concentrate on the properties of the 
shell molding mixture and begin his work toward 
correlating these to actual performance on his par- 
ticular application. This would also allow him to 
compare resins directly, rather than through a series 
of correlations of data, 

Tests on the Molding Mixture: There are several 
tests which can be performed on the resin-sand shell 
molding mixture which do not require elaborate 
equipment, but which will show a comparison be- 
tween binders. First, of course, a sand must be chosen 
which is representative of the type to be used in the 
shop. Our laboratory uses the sand whose properties 
are given in Table 2 as a standard for comparison. 
It was chosen from several sands of varying grain 
shapes and particle size distributions. The mixture 
to be tested may be prepared in any common mixer, 
the Hobart, twin-cone, twin-shell, but quite satisfac- 
tory is a muller. A standard mixing procedure should 
be established. There are several tests which can be 
run on this mix. This laboratory has developed three 
quantitative and two qualitative measurements. The 
former are flexural, tensile strengths and shell thick- 
ness or weight, while the qualitative tests are an 
evaluation of the tendency of the mixture to peel or 
fall off a pattern and its ability to fill completely areas 
of deep draw and sharp angles. 

Flexural Test: The specimen mold, Fig. 6, may be 
fabricated from aluminum, or other suitable metal, 
such as cold rolled steel. The molding mixture may 
be from a production batch or compounded in the 
laboratory in any efficient mixer. Conditions for mold- 
ing are chosen to conform approximately with those 
of the shell producing machine. The practice of this 
laboratory has been to use a mold temperature of 
100 + 10°F and a cure time of two minutes at 580 
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Fig. 6—Specimen mold for shell molding flexural test. 








Fig. 7—Flexural bar mold and specimens. Lower left, as 
cast; Center, ground to dimensions, Right, ready for testing. 


+ 10°F. These conditions were adopted in the early 
days of testing, thus the low oven temperature. A cur- 
ing temperature near 800-900 F would be more repre- 
sentative of commercial practice. 

The test pieces are molded by filling the mold 
cavities to overflow, then striking off the excess quick- 
ly. After curing for 2 min, the dimensions of the 
piece will be about 5 in. X 14 in. X 4 in. One side 
of the specimen will be rough and non-uniform. Since 
the flexural strength is dependent greatly upon the 
uniformity of cross-sectional area, the rough side is 
abraded such that a constant thickness is produced. 
This is done by passing under an abrasive wheel. 
Each piece is then cut in half, producing a bar with 
the approximate dimensions 2.5 in. & 0.5 in, & 0.33 
in. The test bars are conditioned for at least 12 hr 
under ASTM conditions before testing; this may not 
be critical, however. Figure 7 shows the mold and 
test specimens. 

The bars are tested in any suitable device for the 
measurement of flexural strengths. This laboratory 
uses the Baldwin-Southwark Universal Tester with a 
cross-head speed of 0.025 in./min and a 2-in. span. 

Figure 8 shows a sample being tested. It is im- 
portant that the same face (rough or smooth) be in 
the same position for all tests. ‘Those surfaces in con- 
tact with the mold walls are resin-rich compared to 
the rough face. 

The test has good reproducibility with values of 
sufficient magnitude for accuracy. Statistical analyses 
of many of the data have been performed with de- 
signed experiments. The results are not complete at 
this writing; however, it is indicated that reproducible 
results are possible and that the test is capable of dis- 
tinguishing between shell molding mixtures. The test 
may be adopted also to the measurement of the mod- 
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ulus of elasticity and toughness. 

The flexural strengths offered by the resins in 
Table 3 are given in Table 4, and were determined 
by the test method described above. These early data 
are accurate within 10 per cent. 


TABLE 4——-FLEXURAL STRENGTHS OF SHELL MOLDING 





MIXTURES 
Resin Concentration (%): Flexural Strength, psi 
Resin (Table 3) 2% 4% 6% 9% 
D 386 770 1120 1420 
E 100 458 869 1297 
F 348 848 1206 1508 
G 172 472 810 1145 
H 205 651 823 1367 
I 201 578 952 1375 
J 85 453 749 1213 
K 158 432 658 839 
L 150 552 849 1184 


Ottawa Sand: Table 2 





Tensile Test: Specimens for this test are prepared 
in the same manner as above, using the mold shown 
in Fig. 9. This is the standard A.F.S. briquette, 14 
in. thick. “Striking-off” is accomplished in both direc- 
tions from the center of the longitudinal axis. With 
proper care during manipulation, a relatively smooth 
surface may be obtained. 

Any suitable tester may be used. The Instron Test- 
ing Machine is used by this laboratory. The mold 
and test piece are shown in Fig. 10. 

This test is not so well established as the flexural 
test. The values obtained are small (200-400 psi) and 
often the clamps will rupture the sides of the test 
piece before a tensile break occurs, or the specimen 
ruptures off-center. 








Fig. 8—Breaking the flexural bar. 
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Fig. 9—Specimen mold for the shell molding tensile test. 


Even though some of the available foundry test 
equipment may not measure tensile strengths, but a 
combination of several stresses, a relative measure- 
ment may be entirely satisfactory for control pur- 
poses, and any accurate machine may be used re- 
gardless of the type of stress applied. 

Shell Thickness and Weight: A cast iron plate, 6 in. 
< 4 in. X 0.5 in. and an open wooden box made of 
34-in. plywood whose top is grooved to provide a 





Fig. 10—Tensile test mold and specimen. 
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VARIATION WITH RESIN TYPE VARIATION WITH SAND TYPE 
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DWELL TIME IN SECONDS 
Fig. 11—Variation of shell thickness with type of resin 
and sand and with pattern temperature. 


tight fit for the iron plate, are the equipment for 
this test. The plate is heated to 400 + 10°F (or any 
temperature comparable to operating conditions), 
placed on the box and the assembly inverted for a 
given period. The plate and shell are then removed 
and placed in an oven to cure. The shell weight and 
its thickness are determined. The thickness of a 
shell mold is dependent upon plate temperature, 
coating time, resin content, resin properties, and the 
sand. Sands of high bulk densities provide thin shells. 
Figure 11 show the relationship of some of these 
properties. 

Sub-Surface Hardness: The surface of the shell pre- 
pared by the preceding test is evaluated for its re- 
sistance to abrasion during handling by measuring 
its surface and sub-surface hardness. This is done 
by pressing down on the instrument so that it is de- 
pressed to its maximum, then rotating the knife-edge 
five times and reading the scale. The deflection, in- 
dicating the degree of penetration is called the “sub- 
surface hardness.”” This is recommended over the 
scratch hardness since differences in mold quality are 
more easily determined, 

Packing on Vertical Surfaces: A small, round, cast 
iron pattern consisting of a 6-in. cylinder with a 
diameter of %4,-in. mounted on a circular base is 
used. The pattern is fitted to a cylindrical “dump 
box” of a convenient depth. The pattern may be 
heated to any desirable pattern temperature and the 
shell molding mixture may be dropped from any 
height by adjusting the depth of the dump box. The 
shell so formed is then sawed in half, longitudinally, 
and the surface examined over its entire length. 

Hot Rigidity: The rigidity of a shell as it comes off 
the pattern governs whether a shell will be warped or 
whether ejection will be easy. Soft shells will many 
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TABLE 5—GRAIN DISTRIBUTION OF SOME SHELL MOLDING SANDS AND REFRACTORIES 





RESINS AND SANDS FOR SHELL MOLDING 








Sand Designation Per Cent Retention A.F.S. 
U. S. Sieve No. 20 30 40 50 70 100 140 200 270 Pan Total Fineness 
No. 
Ottawa 0 0 0 0 0.08 2.81 43.19 34.91 12.69 5.55 99.23 137 
New Jersey 0 0.18 0.68 1.20 2.72 15.48 29.80 28.00 11.80 8.42 98.28 123 
Michigan (1) 0 0 0 0.72 13.88 50.80 23.76 9.44 1.92 0.44 ~=100.96 84 
Dividing Creek (1) 0 0.80 1.60 2.80 10.60 26.20 24.40 17.80 7.20 7.20 100.6 112 
Dividing Creek (2) 0 0 0.06 0.30 3.18 34.76 36.74 16.92 4.98 2.34 99.28 104 
Pennsylvania 0 0 0 1.46 7.68 14.24 20.14 24.80 16.14 15.10 99.56 146 
Merion 0 0.40 0.80 1.80 5.60 24.2 31.8 21.4 8.4 4.8 99.2 115 
Michigan (2) 0 0 0 0.74 15.82 53.28 21.28 6.74 1.02 0.34 99.22 80 
McConnelsville 0.5 0.70 0.16 1.70 7.60 26.40 32.60 21.36 6.08 5.70 102.8 112 
Zircon Sand 0 0 0 0 0 0.04 24.72 64.40 11.50 0.06 100.72 97 
Mullite-Kyanite (50/50) 0 0 1.00 5.00 14.1 19.6 17.0 15.6 11.8 16.0 100.1 134 
Calemo (Chamotte) 0 0 0 0.64 13.68 24.58 17.94 13.40 9.00 21.10 99.34 139 





times break in the vicinity of the stripping pins or 
warp sufficiently to cause sticking to the pattern. The 
determination of this rigidity has not been estab- 
lished satisfactorily for publication. However, essen- 
tially, it involves molding a flexural bar under con- 
ditions prevailing in the shop, removing this bar im- 
mediately after cure and placing a standard weight 
on one end. The bar is allowed to bend for 10 sec 
and the amount of distortion measured. 

The significance of these various tests and their 
relationship to the final product of shell molding, the 
casting is not known fully. The process is too young. 
However, it is necessary to establish some parameters 
which allow control of the production line. The de- 
tailed discussion of these tests gives the basis for fur- 
thur development of useful control methods. 


Choosing the Resin 


For the shop which is in automatic shell mold pro- 
duction, the evaluation of a prospective shell mold 
binder may be accomplished according to the follow- 
ing schedule, without interfering with production 
with a “blind” run: 

1. Choose a standard sand, one which is representa- 
tive of the sand used on the shell molding job. 

2. Prepare several small mixes at various resin con- 
tents. This will allow determination of the optimum 
resin concentration. 

3. Using the mixtures prepared in (2), make flex- 
ural and/or tensile measurements. Molding condi- 
tions should be comparable to those which the resin 
will be subjected in production. 

4. Compare these results with those obtained on 
the resin being used in production, 

5. If strength properties are considered adequate, 
choose the optimum resin concentration and run the 
tests for “Shell Thickness’, “Peeling”, “Hot Rigidity”, 
and ‘Packing on Vertical Surfaces”. 

6. If the resin still performs satisfactorily, it may 
be tried in production on a limited scale with some 
confidence. 

For the shop that is just entering shell molding and 
deluged with samples, choose several from reliable 
producers for consideration. A small experimental 


pattern will probably be available by this time and 
the best method of evaluating resins is to use the 
manufacturer's recommendations and make shells. 


By the time five or six binders have been evaluated 
in this manner, the operator will have gained consid- 
erable knowledge about the application of resinous 
materials. A tentative choice should be made and 
production started. Once under way, the more de- 
tailed testing program may begin, starting with the 
chosen resin. When test data are available on this 
material, other resins may be given a thorough evalu- 
ation and several sources of supply assured. 

The flexural and tensile tests offer excellent con- 
trol methods for the shell molding foundry. These 
strengths vary considerably with resin content and 
are dependent upon sand fineness, mixing efficiency 
and other process variables. The determinations may 
be made quickly by control laboratory personnel and 
require simple equipment. With proper control of 
the test procedure, good control charts can be con- 
structed and once the limits within which the mold- 
ing mixture may fluctuate have been determined, 
anomalies may be discovered before production is 
effected. 


The Sand 


These tests may be used also to evaluate sands for 
shell molding. Preliminary information may be 
gained before a sand is placed in production. Opti- 
mum resin contents may be established and general 
characteristics of behavior observed. In this case, a 
standard resin binder must be chosen. Of the tests 
described above, those which will be most informing 
are the flexural, tensile, hardness, thickness and pack- 
ing characteristics on vertical surfaces. 


TABLE 6—FLEXURAL STRENGTHS OF MOLD MIXTURES 
CONTAINING VARIOUS SANDS AND RESIN “D” IN TABLE 3 





Per Cent Resin: Flexural Strength, psi 





Sand Designation 2% 4%, 6% 9% 
Ottawa 268 764 1150 1420 
New Jersey 43 306 497 904 
Michigan (1) 118 372 576 1053 
Dividing Creek (1) 102 381 742 1168 
Dividing Creek (2) 125 528 910 1280 
Pennsylvania 80 463 530 1081 
Marion 120 425 820 1204 
Michigan (2) 62 326 575 1064 
McConnelsville 110 450 740 1100 
Zircon Sand 857 1740 2132 — 
Mullite-Kyanite (50/50) 30 374 923 1617 
Calema (Chamotte) —_ 85 272 638 
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McConnellsville Zircon Sand Mullite-Kyanite Chamotte 


Fig. 12—Photomicrographs of shell molding sands and re- 
fractories. Mag.—Approx. 45x. 
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An example of what may be done is seen in Table 
5 and 6. These compare the flexural strengths of 
several shell molding mixtures made from sands with 
different grain distributions. All were compared under 
identical conditions as described above, using Resin 
“D” in Table 3. Table 5 shows the grain distribu- 
tion of the sands used in the construction of Table 
6. Figure 12 shows photomicrographs of these sands 
which indicate the general grain shape. 

The grain distributions of these sands must not be 
construed as typical nor are they average distribu- 
tions obtained from the sand companies. They are 
the results obtained on a small shipment, usually 100 
lb. This is why the exact designations of the sands 
are not given. 


Choosing the Sand 


The choice of a sand for shell molding must be 
governed by many factors. Cost and availablity are 
obvious, but the nature of the sand itself is also im- 
portant; particle distribution, grain shape and the 
condition of the sand surface are of particular con- 
cern. One must choose an inexpensive, available sand 
which will provide the desired casting finish. A cheap 
sand is not always an inexpensive shell molding sand. 
Sand cost per mold does not approach even closely the 
resin cost and the presence of clay or a dirty surface 
on the sand grains can demand the use of more resin 
than otherwise needed. This many times offsets the 
saving afforded by the use of poor sand. 

As an example of the difference in behavior of 
sands being used for shell molding, consider the 
sands in Table 7. These were graded and blended to 
give equal grain distribution. Their grain shape may 
be seen in Fig. 12. These were compounded using 
the same resin and a flexural test performed as de- 
scribed above. Clearly, the Ottawa sand is superior 
over those of equivalent density. This may be due to 
a difference in grain shape, but more likely due to 
the condition of the sand surface. 

A further indication of this may be seen in Table 
8. Here the flexural strengths were determined on 
molding mixtures prepared from synthetic sands of 
various grain distributions. These sands were pre- 
pared by grading and blending the fractions, all from 
one sand. This Pennsylvania sand is described in 
Table 5 and Fig. 12. Here there is no significant dif- 
ference in strength caused by the grain distributions 
considered. 


TABLE 7—SYNTHETIC SANDS: EQUIVALENT GRAIN DIs- 
TRIBUTIONS FLEXURAL STRENGTHS OF SHELL 
MOoLpING MIXTURES 








Sieve No. 6 12 20 30 40 50 70 100 140 200 270 Pan 
Per cent 

Retention: 0 0 0 0 O O 0.48 3.78 44.02 34.90 12.30 4.52 
Sand Type Per Cent Resin Flexural Strength 

(psi) 

Ottawa 4 489 

6 1048 

Pennsylvania 4 257 

6 490 

New Jersey 4 215 

6 375 








RESINS AND SANDS FOR SHELL MOLDING 


Of course, there is no doubt that fine sands require 
more binder, but this is not the complete story. Also, 
it should be realized that the test procedures described 
herein do not require that the molding mixtures be 
dropped from any height, thus packing effects are 
not determined. 

It must be emphasized that neither a sand or a 
resin may be chosen on the basis of these tests alone. 
It is the casting which determines the molding ma- 
terials. The strength of a shell mold, though import- 
ant, must be only above a certain minimum which is 
established by process requirements. Having strengths 
above this minimum only wastes resin. For safe hand- 
ling, a flexural strength of 700 psi is adequate for 
most applications, as is tensile strength of 200 psi by 
the above method. Nor is it necessary to perform all 
of the tests described. After some experience in resin 
behavior is attained, only a brief examination is 
necessary before a resin may be evaluated in produc- 
tion. 

Future Trends 

It is typical of all new processes that the first pro- 
duction lines are not the most economical. All resin 
manufacturers and shell molding foundries are striv- 
ing toward a reduction in the cost of the process. 
There are several factors which contribute to the 
cost of shell molding. The cost of resin is among 
these, though not necessarily the only factor which 
requires reduction. Resin cost is determined to a 
great deal by raw material cost and less to manufac- 
turing expenses. Most shell molding resins are pre- 
pared by no unique method, thus the supply and 
demand principals do not necessarily apply. The 
production of phenolic resins is already at a high 
rate, and it is doubtful whether a significant price 
reduction will result from an increase in output, un- 
less raw material production is more sensitive to 
quantity changes. 

The most logical manner in which to reduce resin 
cost is to reduce the amount required to do a given 
job. This is being attempted by several means. Choice 
of a good, clean sand, is very important. Another 
approach is reflected by the research being done on 
the coating of sands with the thermosetting binders, 


TABLE 8—SYNTHETIC SANDS PREPARED FROM PENNSYL- 
VANIA SAND IN TABLE 5 AND Fic. 12 
Flexural Strengths of Shell Molding Mixtures 








Sieve No. Blend No. | No. 2 No. 3 No. 4 

6 0 0 0 0 

12 0 0 0 0 

20 0 0 0 0 

30 0 0 0 0 

40 0 0 0 0 

50 0 0 0 9 

70 28 7 0 15 

100 20 20 0 20 

140 20 50 100 24 

200 20 23 0 20 

270 12 0 0 12 

Pan 0 0 0 0 
Flexural 

Strength (psi) 585 610 590 633 


(6% resin) 
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thus a more efficient utilization of resin. Some work 
has been done with alcohol solutions of the conven- 
tional binders. Either part or all of the binder may 
be added in this manner with some success. Another 
approach uses liquid resins of the phenolic type. This 
operation requires very careful control and uses spe- 
cially heated equipment to advance the resins to 
their brittle points. Both approaches show some 
promise, but it is doubtful if either will be used suc- 
cessfully and economically on a production basis in 
the near future. 
Summary 


1. The general properties of phenolic shell mold 
binders show these materials to be amorphous, highly 
complex materials. 

2. The process by which a thermosetting resin 
hardens is very complex and not determined quanti- 
tatively. Each resin, though appearing identical by 
a measurement of several physical properties, may 
behave in a somewhat different manner when sub- 
jected to heat. 

3. Tests have been developed by which a shell 
molding resin and sand may be evaluated in the lab- 
oratory. 

4. Tests have been developed which will serve as 
control methods for the shell molding system. Most 
useful are the flexural and tensile tests performed on 
the molding mixture. 
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5. The use of a flexural test has several advantages 
over a tensile strength determination. Values are 
larger and significant differences in mixtures are more 
readily recognized. —The method may be adopted also 
to the determination of toughness and modulus of 
elasticity. 

6. The performance of a sand in shell molding is 
dependent primarily upon the condition of the sand 
surface, particle distribution and grain shape. 
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GUN PLACED SILICA CUPOLA LINING 


By 


T. E. Barlow and P. D. Humont* 


Late in 1948 the first successful air-placement patch 
for a commercial cupola operation was put in at a 
Cleveland foundry. Similar processes may have been 
tried from time to time in the past, but this can be 
considered the first successful one in that it is the 
first operation in which the air-placement process con- 
tinued to be the standard method of patching from 
then on. Both the equipment and the material at the 
time of that test were crude by present-day standards. 
However, there was sufficient success to indicate a 
definite possibility for improved patching practice 
using the air-placement technique. The process now 
is known generally as “gun patching the cupola.” 

Since that time, modifications and improvements in 
the design of equipment have been made. Simultan- 
eously, there has been a continuous program of re- 
search and development to learn as much as possible 
about materials used in the process. However, the 
outstanding change has been in the use of the process 
itself and its acceptance by the industry. At the time 
of this writing the process is established to the extent 
that more than 50 per cent of the gray cast iron pro- 
duced in this country today, and more than 80 per 
cent of the duplexed malleable produced, come from 
units which are maintained by the air-placement tech- 
nique. 

In the process of installing so many guns, field engi- 
neers, as well as the operators, have learned much 
about the technique of this process. Like any other 
refractory practice for melting units, there seems to be 
a best way to do most things, When the principle of 
the best way is followed, optimum results are ob- 
tained. On the contrary, if these basic concepts of 
good air-placement operation are ignored, it is possi- 
ble to lose many of the advantages inherent to the 
process. An evaluation of some of these “best ways” 
is the subject of this paper. 


General Considerations 


Regardless of the type of refractory involved in 
cupola practice, there are certain fundamental factors 
which affect the refractory life. Some of these factors 
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are inherent to the operation and cannot be changed 
to suit the refractory. They may be considered as 
“occupational hazards” to the refractory, which are 
necessary to meet the requirements of the cupola prac- 
tice. There are other factors, however, which affect 
the refractory but which are under the control of the 
operator. These practices may be changed or modi- 
fied to provide a better refractory life in the melting 
unit. Unfortunately, many of the tricks-of-the-trade 
are ignored with the result that some cupola opera- 
tions show high refractory costs or low refractory life. 

Any influence which results in a low refractory life 
must change the economy of the operation. There- 
fore, any reasonable change which will improve the 
refractory life should be considered to be of impor- 
tance. In addition, as has been pointed out in nu- 
merous articles and talks on the subject, the refrac- 
tory life of a cupola also affects the metallurgical re- 
sults. The effect of refractory loss upon the uniform- 
ity of cupola operation and the subsequent metallurgi- 
cal results obtained from the cupola is a subject in it- 
self, But it should be pointed out that in discussing 
refractories in the cupola, consideration should be 
given to methods of reducing refractory costs by mini- 
mizing burn-out, and also a technique for closer 
metallurgical control by minimizing refractory losses. 


Cupola Operation Modifications 


The type of flux material used in the cupola may 
be varied to develop maximum refractory life. Some 
types of flux are more desirable than others. There- 
fore, it would be desirable to study the type of flux 
involved and make sure that it is suitable to both the 
refractory and the cupola burden. 

Dolomitic limestones seem to be easiest on the 
patch. Since limestone may vary from 0.50 per cent 
to nearly 16 per cent silica, the effect on refractory 
loss will vary with composition. Because of the larger 
volume required with high-silica limestone to obtain 
the necessary fluxing action, such high-silica stone is 
normally more erosive on a cupola lining than the 
more pure forms of calcite or low-silica limestone. 
Unnecessary or excessive secondary fluxes such as fluor- 
ospar and soda ash increase refractory losses. There 
are, of course, exceptions to these generalities because 


53-61 











T. E. BARLOw AND P. D. HUMONT 


of such factors as glazing, sintering and slag volume. 
It may be necessary and desirable to modify a simple 
flux such as dolomite with secondary fluxes to provide 
the proper rate of glazing. This is particularly apt 
to be true with monolithic linings which are not pre- 
glazed or “fired.” Slag volumes may be minimized 
and glazing rate improved by the judicious use of the 
secondary fluxes. 

Monolithic patches are composed primarily of silica 
with some fire clay. The composition is not directly 
comparable to ordinary fire-clay brick. The normal 
reaction between this cupola slag and the lining com- 
posed of silica, clay and ganister can be expected to 
be different from the action between cupola slag and 
fired cupola block. Specifically, it usually is possible 
to reduce the amount of limestone when using this 
type of patch. 

The reduced requirement for limestone does not 
necessarily show up as an immediate increased slag 
fluidity when changing from a brick patch to a mono- 
lithic patch. In fact, if the percentage of limestone 
is unchanged when switching from one material to 
the other, there may not be any noticeable change in 
the appearance or volume of slag. However, if this 
practice is permitted to continue it will be unecon- 
omical because it may require more flux than neces- 
sary and greater than necessary lining loss. In most 
operations when changing to an air-placed patch, it 
is possible to reduce the amount of limestone used 
without loss of fluidity. 

Slag Control 


In general, it is found desirable to use 1) the high- 
est purity limestone, 2) the smallest amount of lime- 
stone possible, and 3) in most cases a small percentage 
of secondary flux. It is believed that this practice is 
desirable for two reasons. In the first place, with this 
type of lining, it is desirable to use a minimum vol- 
ume of slag in the cupola to avoid excessive slag 
attack during the formative stages of glaze. Further- 
more, it would seem to be desirable to use some sec- 
ondary flux to increase the rapidity of glazing of the 
surface. Essentially, this amounts to control of the 
viscosity of the slag formation on the cupola wall to 
minimize slag attack and loss of the protective slag 
coating on the lining as the glaze is formed. Adjust- 
ment of the amount and type of flux may ‘not be 
essential to obtain satisfactory operation, but it 
usually is desirable in order to obtain the maximum 
efficiency and economy from the process. It is partic- 
ularly important to avoid high slag volumes attribu- 
table to impure limestone. It is even more desirable 
to avoid the use of excessive secondary fluxes in spite 
of the apparent desire for a small and proper amount 
of such secondary glazing materials. 

The amount of flux usually is discussed only in 
terms of its effect on slag fluidity. There is not suffi- 
cient consideration of the fact that excessive flux will 
risult in refractory loss without compensating bene- 
fits from increased slag fluidity. It should be recog- 
nized that the refractory loss will be related to the 
slag volume and the amount of flux controlled accord- 
ingly. This is true for all acid refractories. 

Slug volume together with slag viscosity are the 
controlling factors in the refractory losses of the 
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cupola operation. There are very few cases where the 
actual P. C. E. or refractoriness is insufficient for the 
application. Unfortunately, this slag volume is not easy 
to determine on a quantitative basis, but a change in 
the slag volume will determine to a great extent the 
actual refractory loss. The rate of loss will be deter- 
mined by the rate at which the slag reacts with the 
refractory and the rate at which the reaction product 
leaves the refractory wall, exposing new refractory 
for slag attack. The presence of a glaze on the lining 
of the cupola indicates that during the operation 
there was a sizeable portion of fused glass on the 
wall. The existence of this glass minimizes the ero- 
sion of the lining provided it is sufficiently high in 
viscosity. The existence of this fused glass in the sur- 
face of the lining will give it a somewhat plastic 
nature and help to prevent erosion as long as there 
is not too much glass and its fluidity is not too great. 
Therefore, the actual loss is directly related to the 
volume of slag moving through the cupola and the 
viscosity of the reaction product of the cupola slag 
and the refractory surface. 


Refractory Composition Control 


Knowing the normal compositions of foundry slags, 
the refractory manufacturer of monolithic materials 
tries to control the composition in such a way that 
the reaction product of cupola slag and refractory will 
be sufficiently viscous to retain a protective film for 
the longest possible time. However, abnormal slag 
compositions in the cupola will upset this viscosity 
relationship, as will abnormal volumes of slag. 

Changes in slag volume are an essential part of the 
cupola operation. They are related to 1) the purity 
of the flux, 2) the density of the patch material, 3) the 
composition of the patch material, 4) the amount of 
impurities carried in with the metal charge, and 5) 
the impurities (ash) carried with the coke charge. A 
change in any one of these five factors can effect a 
che~ge in the refractory loss. 

From the standpoint of refractory losses, maximum 
flui’ty in a slag is not desirable. It would even be 
safer to say that minimum fluidity commensurate 
with keeping a smoothly flowing slag at the slag hole 
is the best practice. Certainly, the foundryman should 
always try to obtain a minimum slag volume by using 
maximum purity fluxing materials judiciously bal- 
anced with the proper amount of secondary flux to 
control slag viscosities at the desired level. Extremely 
fluid and extremely erosive slags must be avoided. 
If this is done the refractory manufacturer can so 
adjust compositions to develop the proper glazing 
rates without danger of “over-fluxing.” 

From one standpoint, at least, tuyere design is re- 
lated to refractory loss. This is true to the extent that 
intermittent box-type tuyeres will tend to remain 
clean and cause less bridging than will continuous or 
ring tuyeres. Figure | illustrates how bridging results 
in increased refractory losses by permitting whirlpools 
of hot slag formations to form immediately above the 
tuyere level of the continuous tuyere. An intermit- 
tent tuyere with a minimum space between the 
tuyeres of 8 to 14 in. allows the slag to flow to the 
well of the cupola without passing directly in front 
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of the cold air stream. As a result, any bridging 
tendency is confined to the tuyere face and a con- 
tinuous ring or bridge is avoided. Good tuyere de- 
sign also helps to improve refractory life by mini- 
mizing the tendency for air to work up behind the 
refractory and create localized melting zones at dif- 
ferent points along the cupola wall, This means 
that the upper tuyere plate must be designed in such 
a way that there is no leakage between the tuyere 
plate and the shell. 

Most cupolas today are designed with an overhang 
or ledge of refractory immediately above the tuyere. 
This overhang is designed to prevent metal from en- 
tering the tuyeres. However, it is surprising how 
often the amount of overhang is too great. Excessive 
overhang above the tuyeres results in a dirtier opera- 
tion and more bridging. Excessive overhang seems to 
result in both a rapid loss of the overhanging mater- 
ial and also a tendency to collect frozen slag and 
metal in a position where it can augment or even 
start a bridge formation. The authors do not know 
of a theoretical or mathematical explanation for this 
condition, but have found empirically that the best 
results from an overhang are obtained when the area 
at the overhang is not less than 85 per cent of the 
area of the cupola at the tuyeres. In other words, the 
reduction of area because of overhang should not be 
greater than 15 per cent. This is, to many foundry- 
men, a surprisingly small overhang. For example, 
the overhang for a 54 in. cupola will amount to less 
than 2 in. on a side. 


Contour Patching 


It is not the function of this paper to cover a de- 
tailed discussion of contour patching. For complete 
discussion of this subject reference is made to _pre- 
vious papers listed in the bibliography. However, 
contour patching must be referred to because it has 
such a vital effect on the refractory life of most cupo- 
las. There are many examples of refractory savings 
as great as 50 per cent resulting from this practice. 
The advantages of contour patching apply to any 
type of acid refractory including brick, stone and 
monolithic. Naturally, it is of particular interest with 
monolithic or air-placement because of the ease with 
which a contour can be developed and maintained. 
However, the philosophy and desirability of main- 
taining the proper contour remains the same. 

One of the factors affecting refractory burn-out is 
the variation in bed height during the operation. 
This variation in bed height can be related to a num- 
ber of changes including frequent shut-off of the 
blast, variation in blast rate, variations in coke 
strength and variations in melting rate. The two 
most common causes are 1) the shut-offs which occur 
at frequent periods in some foundries to conform 
with production rates, and 2) the deliberate altering 
of the blast rate to change either the melting rate, 
the metal temperature or the metal composition. 
These changes permit the bed to move up and down 
and thereby change the position of the hot spot of 
the melting zone of the cupola. They result in a long 
and rather marked burn-out zone in the cupola. They 
can frequently be recognized by evidence of two, 
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three or even four burn-out contours at the end of 
the operation. Variation in bed heights may also 
account for bridging problems since the hot spot will 
change from a zone of stabilized lining toward a zone 
of unglazed or unstabilized lining. Rapid changes 
may cause a scab or “‘pop-off” of part of the lining. 

The position and design of the slag hole are related 
to refractory losses. Here again two factors are in- 
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Fig. 1—The bridge forming over the continuous tuyers 

provides a ledge on which slag whirlpools can form, pro- 

ducing extreme erosion. Box tuyeres usually will relieve 
this condition. 


volved. In the first place, the position of the slag 
hole has a bearing on bridging in the cupola, which 
in turn affects the refractory loss. This means that 
the slag hole must be built in accordance with normal 
standards of 4 in, below the tuyere level, or prefer- 
ably 8 in. from the closest tuyere. There is a choice 
here, of course, because with a continuous tuyere it 
would be impossible to keep the slag hole 8 in. below 
tne continuous tuyere. In that case it would be nec- 
essary to use the 4 in. figure, which is not quite as 
good. With a box-type tuyere, the slag hole can be 
set between tuyere openings in such a way that the 
closest dimension is 8 in. This provides a minimum 
bridging condition from slag holes. In the second 
place, a poorly designed slag hole may result in blow- 
by from the tuyeres. This will include blowing 
molten metal droplets out of the slag hole. A blast 
of mixed metal and slag causes erosion or refractory 
loss immediately above or around the slag hole, which 
in turn will weaken the refractory above and permit 
slumping of the patch. In this respect, it must be 
remembered that most refractories are in a soft, mo- 
bile condition at the surface during the melting uper- 
ation. Some support is required to prevent an actual 
slumping or sliding during this period, 
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‘The comment on slag-hole design refers particu- 
larly to the desirability of keeping the outside end of 
the slag hole slightly higher than the inside end in 
order to get a tea-pot type effect. This will reduce any 
tendency toward blow-by and erosion from mixtures 
of molten slag and metal. 

One of the obvious effects of cupola practice upon 
refractory burn-out results from poor charging equip- 
ment. Any charging equipment or charging practice 
which permits most of the coke to ride one side of 
the cupola while the metal rides the other will reduce 
the refractory life. Of particular importance is the 
tendency to permit flux materials to contact the walls 
of the cupola. It is not at all uncommon to see charg- 
ing equipment which places limestone toward either 
the front or back wall of the cupola. This practice 
causes uneven burn-out of the cupola and also a 
greater total loss of refractory. 

A minor factor, but still one of importance, is the 
time of opening the slag hole. It is a practice in some 
foundries to start the cupola with the slag hole open 
or to open it before a bed of slag has developed in 
the well. This may result in erosion of the slag hole 
and will sometimes augment or even start a “below- 
the-tuyere” bridge. The resulting bridge reduces re- 
fractory life and permits gouging or cutting of the 
lining immediately above the slag hole, thereby weak- 
ening the patch and promoting slump or sag. 


Cupola Operations Effecting Air-Placement Linings 


The factors discussed apply equally well to any 
type of refractory patch in a cupola, In addition, 
there are some factors which are unusually important 
in an air-placed lining because they involve tech- 
niques which, to the new user of the equipment, may 
be different. Actually, all of these factors could be 
applied to other methods of patching, but they will 
be discussed primarily in relation to their effect on 
air-placement patches to emphasize the characteris- 
tics of that method of patching. 

There are three phases of cupola operation, in addi- 
tion to those discussed above, which are of impor- 
tance or are different in the air-placement process. 
Among these is the preparation of the cupola, or 
chipping. Proper preparation is necessary for any re- 
fractory patch but the preparation required for the 
air-placement process may differ somewhat from pre- 
vious practice. In the first place, the sand-blasting 
effect of the equipment used in air-placement pro- 
vides somewhat greater leeway in the amount of chip- 
ping. Because this is true, there is then the danger 
that too many liberties may be taken with the prep- 
aration or that the operation becomes careless and 
leads to a poor patch. 

Users of air-placement equipment are informed that 
in preparing a cupola two things are important. First, 
it is not desirable to remove the glazed finish left 
from the previous days operation. In other words, it 
is not desirable or necessary to break through the 
ceramic bond which is developed during the previous 
heat. The glazed portion is monolithic material 
which has been fired or sintered in place and is, there- 
fore, the best part of the lining. It will be a hard 
“shell” ranging from 14 to 2 in, thick, depending up- 
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on the composition of the refractory and the intensity 
of heat at the wall. 

Adherence of the patch is not a problem with air- 
placement, as it might be in hand patching of the 
same cupola. On the other hand, it is necessary to 
avoid leaving patches of slag or loose coke on the 
cupola wall. Therefore, the chipping operation 
should be checked from two standpoints. First, to 
avoid loose coke or excessive slag deposits on the wall 
which will permit the subsequent patch to drop or 
slump. Second, to avoid breaking through the glaze 
and patching against low strength, unglazed mater- 
ial which may not provide sufficient support to pre- 
vent spalling of the new patch. The gun operation 
is such that patch material will adhere to almost any 
solid surface, but, it must have something solid on 
which to adhere. 

A second factor of importance in air-placed patch- 
ing is the amount of support provided for the green- 
patch material. The refractory has low strength 
through a given range of low temperature before be- 
ing heated to the temperature at which glazing or 
vitrification takes place. During this period it can 
support its own weight but should not support ex- 
cessive burdens from above or behind. Therefore, a 
ledge is provided to furnish support for the load. This 
may be provided by the upper tuyere plate as shown 
in Fig. 2. In some operations it may be found that 
the tuyere plates have burned away to the extent that 
adequate support is no longer available. Or the de- 
sign may be such that the tuyere plate cannot pro- 
vide sufficient support because of the degree to which 
the refractory must overhang the tuyere plate. In 
these cases it is desirable to start with one row of 
cupola block or brick immediately above the tuyeres 
so that a solid formation is available for subsequent 
blowing or air-placement of the patch. Ignoring this 
problem may lead to a slumping or screening and 
blocking of the tuyeres during the early part of the 
heat. Some foundries compensate for this slump 
through the use of excessive secondary flux. This 
usually results in unnecessary refractory loss. 

Contour patching has been mentioned but is of 
particular importance in air-placement patching, and 
should be stressed as one of the important factors con- 
trolling optimum results. Air-placement is well 
adapted to contour patching because the shape of the 
cupola can be controlled with accuracy and ease. 


Operation of Air-Placement Equipment 
Effect on Refractory Quality 


Aside from the composition of the material used 
and the cupola operation influences upon refractory 
life, there is also a relationship between the technique 
of handling the gun and the refractory life. There 
is a certain degree of “know-how” involved to obtain 
the maximum results from the process. Ignoring some 
of these rules may result in a low quality patch in 
spite of the fact that the equipment is designed to be 
as foolproof as possible. 

Probably, the most common source of difficulty 
with air-placement equipment for patching cupolas 
is a lack of proper air pressure and air volume, The 
equipment is pneumatic; it transports material 
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through air-flow and deposits the refractory on the 
wall of the cupola as a result of air-velocity. The 
density of the patch must depend largely on the avail- 
able air pressure and volume. 

The theoretical maximum density of solid silica is 
2.65 grams per cc. The maximum dry-packed density 
that has been obtained in a monolithic type mater- 
ial with close control of particle shape and distribu- 
tion is 2.27 grams per cc, or a porosity of 14 per cent. 
Wet-packed density will be somewhat lower than the 
maximum dry-packed density. The exact density ob- 
tained will then depend upon the distribution of the 
particles and the particle shape plus the imposed 
effect of velocity and air pressure. 


Water Pressure 


Lack of sufficient air pressure or incomplete utili- 
zation of the air available to the machine will result 
in a low-density patch. It will also result in surging 
or slugging, which prevents proper moisture control 
of the patch, It should be recognized that density of 
patch is related to the kinetic energy or the energy 
imparted by velocity. The velocity is related to the size 
and shape of the materials being thrown, or in other 
words, to the flowability of the material, However, 
the fundamental factor is the air pressure or air vol- 
ume available, all other factors being equal. The 
earlier models of air-placement equipment were not 
capable of handling materials at high pressure with- 
out plugging or bucking, but with the present designs 
operating pressures from 45 to 65 psi are common and 
desirable. This had led to some modification of the 
materials because the higher pressures permit the 
use of better compositions, and in turn change the 
requirements for permeability of materials. 

Low water pressure, like low air pressure, can lead 
to a poor patch and undesirable refractory losses. The 
reason for the loss in this case, however, is different. 
Air pressure or air volume is related to the density 
of the patched material as placed in the cupola. 
Water pressure controls the ability to wet the clay 
particles and develop the necessary stickiness or tacki- 
ness for adherence to the cupola wall. If water press- 
ures are inadequate, only the outside layers of the 
refractory coming through the material hose are 
wetted. The rebound is high. If the water pressures 
are low, there will be a tendency toward erratic wet- 
ting of the materials, resulting in wet and dry spots. 
The wet and dry spots, in turn, cause spalling of the 
lining together with apparent slump and increased 
refractory loss. Best results are obtained with water 
pressures in excess of 50 psi. Auxiliary pumps and 
water tanks are available to increase the existing 
plant water pressure when necessary, 

A similar difficulty is encountered while operating 
with a worn material hose gasket. The material hose 
gasket directs the stream of material in such a way 
a3 to expose it to water to obtain maximum wetting 
and slaking of the clay. If the restriction or guiding 
gasket in the material hose becomes worn the ma- 
terial will scatter as it passes through the water cham- 
ber of the gun, resulting in improper slaking of the 
clay. The end result of a worn material hose gasket 
is the same as for low water pressure and may lead to 
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Fig. 2—“A” shows monolithic patch without sufficient 
support. Slumping or bridging can easily result. “B” 
shows how the extended tuyere plate or one row of block 
can provide the proper support for the monolithic lining. 


confusion of the two problems. The moisture control 
of the patch on the cupola wall is almost automatic. 
If the material is too dry it will rebound, and if it 
is too wet it will wash off. However, even with this 
semi-automatic feature, there is still a range of mois- 
ture content from 8 to 9 per cent “on the wall.’ In 
some cupola operations it may be necessary to control 
to within the limits of this semi-automatic range. If 
insufficient water is used, the dry strength of the patch 
will be low. The effect may be compared to that from 
insufficient water in a molding sand (reduced dry 
strength). If the patch is too wet, the result may be 
cracking and low density. These difficulties will be 
emphasized if the permeability of the material being 
used is not properly controlled by the manufacturer 
because improper permeability would narrow the per- 
missible range for moisture. 

There is less danger of getting material too dry 
than too wet. When material is shot too dry, both 
the rebound and the dust will be excessive. The op- 
erator will have a natural tendency to increase the 
moisture to reduce the dust. However, in some oper- 
ations, the operator may carry this to extremes and 
run too wet to obtain absolute freedom of dust and 
prevent rebound. In most operations this change is 
insignificant, but in the really tough melting jobs 
the loss of density may be noticeable to the extent 
that a good patch is not obtained. The operator 
should avoid putting in a “soft and wet” patch fol- 
lowed by shooting dry material into the soft matrix 
to “dry it up,” causing low density and spalling. 
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Fig. 3—The percentage of rebound depends upon the 

angle at which the particles hit the wall. A small circu- 

lar motion with the gun head in such a way as to provide 
90-degree impact provides minimum rebound. 


The ability of the patch to operate with excessive 
water will depend partly on the severity of the melt- 
ing operation and partly upon the thickness of the 
patch. Thicker patches normally indicate a more 
severe cupola operation and require less water than 
thin patches which can dry quickly. When properly 
-ontrolled, air-placed patches require no “air dry” 
before using. 

When installing air-placement equipment for patch- 
ing, the engineer tries to train the operator to use 
the proper motion in handling the gun head. The 
proper technique of handling the gun head is diffi- 
cult to describe on paper in spite of the fact that it 
is simple to demonstrate. However, the principles 
involved can be pointed out. When shooting the re- 
fractory against a cupola wall the normal laws of 
rebound must be considered. If the particle hits the 
walls perpendicularly, it will tend to bounce straight 
back. With a plastic mix such as that under discus- 
sion the rebound straight back will be small because 
the cushioning effect of the previously placed patch 
will allow the particle imbed itself and remain on 
the wall. However, in departing from the 90-degree 
angle and approaching the 45-degree angle the 
amount of rebound will increase because the plastic- 
ity of the previously placed patch is incapable of 
withstanding the shearing action which develops 
when a particle is being bounced at a 45-degree angle 
(Fig. 3). 

The motion in handling the gun is designed to 
keep the particles shooting directly at the wall to 
minimize rebound and obtain maximum density. The 
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easiest way to do this is with a small circular motion 
d‘rection in front of the operation. Such a motion 
will minimize both the piling up and skidding away 
of material. The small circular motion working rel- 
atively close to the cupola wall will develop maxi- 
mum density with minimum rebound. However, it 
will produce an uneven appearance, with the result 
that some operators will then stand back and spray at 
rather wide angles to get a smoother surface. The 
smoother appearance is undesirable and unnecessary. 
When materials are shot in such a way as to give a 
high rebound (wide angle) segregation will result 
because the finer particles will adhere and the coarser 
particles will tend to bounce away. The result of 
segregation on the cupola wall is a change in the 
composition of the material, resulting in unsatis- 
factory refractory life. Like hand patching, the best 
gun patching is not necessarily the “prettiest.” 


Patch Finishing 


Tendencies to “featheredge” the patch in an effort 
to obtain a “prettier” or smoother finish should be 
discouraged. Some operators like to finish off the 
patch, toward the upper range of the melting zone, by 
tapering off to a knife-edge. Such a patch accom- 
plishes nothing because the amount of burn-out at 
that point is too small to warrant a patch. However, 
it is worse than just unwarranted because the thin 
featheredges on the patch are subject to expansion 
during the drying process. The expansion and con- 
traction will result in curling of the upper edges of 
the melting zones patch, pulling that portion of the 
patch away from the wall. Frequently, such a patch 
will pull away from the wall all the way into the 
main body of the patch. Early sloughing or slumping 
of the upper zones of the monolithic patch may result. 
It is much better to finish the patching where there 
is still a reasonable thickness of patch to be installed. 
This sill leaves an indentation or groove at the top 
of the melting zone, as shown in Fig. 2, but this is 
harmless because there is little burn-out at that point. 

Gun-placed patches should never be smoothed, 
trowled, hammered or butted-off. Techniques of this 
type will cause scabbing, buckling and loosening of 
the adhering surfaces of the patch. Slumping, sliding 
or disintegration will result. Scabs, similar to sand- 
mold scabs, may form during heating of the patch 
prior to reaching the vitrification temperature. 

One of the important factors in proper gun-patch- 
ing is control of the direction of the planes of cleav- 
age of layers which are permitted. Spraying or paint- 
ing the patch, with a side-to-side motion (or an up- 
and-down motion) will result in a layer effect. If 
these layers are parallel to the shell of the cupola it 
will mean that the cleavage or planes of weakness 
between layers will be parallel to the melting direc- 
tion of the cupola. Such a layer effect can resuét in 
spalling or scabbing-away of monolithic material as 
drying and vitrification progresses. Such spalling is 
comparable to that obtained with firestone when the 
grain of the stone is placed parallel to the shell of 
the cupola. When gun-patching spalling can be 
avoided by utilizing the recommended circular mo- 
tion and working around the periphery of the cupola. 
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The patch should start at the tuyeres and build to- 
ward the top. 

If the operator will stay above the work so that he 
is shooting downward as he is placing the patch, he 
will automatically place the layers vertical to the 
cupola shell, as shown in Fig. 4. The result will be 
minimum spalling and scabbing of the refractory ma- 
terial. For this reason the operator should be pro- 
vided with proper scaffolding which will permit him 
to stay above the work and eliminate placing the 
material in layers parallel to the shell or above the 
gun level. 

There are a few tricks-of-the-trade which can be 
used to further improve monolithic linings. The out- 
standing one is the use of secondary materials to in- 
crease the rate of glazing. Such additions may be 
made to the water tank used in conjunction with the 
air-placement equipment. When a water tank is avail- 
able, it becomes a simple matter to introduce molasses 
in the ratio of 1 to 30, 1 to 20, or 1 to 15 (by volume) 
to the water. Another material of value is waterglass 
or sodium silicate. It can be added to the water tank 
in the ratio of one gallon of silicate (50 per cent pur- 
ity) to 15 gallons of water. Both molasses and silicate 
provide a greater stickiness to the patch and reduce 
rebound. Molasses is valuable in this respect in that 
it improves the dry strength of the lining and helps 
to support the lining in position until vitrification 
can take place at the elevated temperatures. Sodium 
silicate has this effect and also provides an earlier 
sintering or glazing of the lining, thereby increasing 
the refractory life for many applications. Painting 
the patch with either molasses or waterglass has been 
tried but such practice is not satisfactory. 


Material Composition Effect on Refractoriness of 
Monolithic Patches 


The principal purpose of this paper is to discuss 
the “know-how” or technique of handling both the 
cupola and the cupola patching equipment to obtain 
the maximum benefits from monolithic patches, It 
should be apparent that the refractory material also 
plays a distinct part in the success obtained. The 
uniformity and quality of the material is usually the 
obligation of the manufacturer, but in some foundries 
a homemade material is used. Therefore, the foundry- 
man as well as the ceramic engineer is interested in 
the effect of variations in the material being used. 
In most cases, the factors which lead to difficulty in 
monolithic refractories may be classified as “too much 
or too little.” In other words, there is an optimum 
percentage for each ingredient. The optimum point 
depends upon many factors including density, perm- 
eability, dry strength, green strength, flowability and 
ceramic bond. This subject has been covered in con- 
s‘derable detail in papers listed in the bibliography. 

The refractoriness or the refractory value of mono- 
lithic materials used in the air-placement may be mis- 
understood by some operators. Maximum refractori- 
ness is not necessarily desirable. The loss of refrac- 
tory in a cupola operation is more likely to be 
through slag attack, erosion, slumping or spalling 
than from actual burn-out. For this reason the pyro- 
metric cone equivalent or P. C. E, value of the refrac- 
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tory is not necessarily an indication of its value as a 
cupola patch. In fact, it would seem desirable to 
control the P. C. E. value to approximately the maxi- 
mum metal temperature obtained in the melting zone 
of the cupola. Certainly there is no point in having 
a P. C, E. value of over 26 or 2903 F. In some cases 
as low as cone 23 might be even more satisfactory. 
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Fig. 4—By working above the zone to be patched, the 

operator can develop horizontal layers which minimize 
spalling. 


In discussing refractoriness of monolithic-patch ma- 
terial, we should use the term in the broad sense and 
consider factors other than the P. C. E. value. Of 
particular importance is the temperature at which 
initial fusion takes place and the relation between 
that temperature and the temperature of complete 
slump. The ideal material for the application will 
glaze at extremely low temperatures but remain in- 
tact up to the temperature represented by the maxi- 
mum heat of the molten metal moving through the 
cupola. In addition, the value of this “super” mater- 
ial must include the dry strength or fused strength 
at low, high and intermediate temperatures. The 
problem is much more complex than is normally real- 
ized. 

Because of the mechanism of air-placement equip- 
ment, the clay used in the refractory mixes requires 
a definite plasticity and slaking rate. “Any clay’ can- 
not be used with best results. The refractory value of 
the clay alone is not a sufficient criterion for success. 
The correct slaking rate is required to develop pla- 
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sticity in a clay during the extremely short time 
which is possible in a gun operation. There is no 
opportunity for long aging of the mixture and in 
many cases the cupola is being operated within one 
hour after moisture originally contacts the clay. Fur- 
thermore, water and clay are in contact for a period 
of less than a second prior to the time that the wetted 
clay must develop sufficient stickiness to cling to the 
cupola wall or the. previous patch. 

Slaking rate alone, of course, is not sufficient to 
determine the best clay because the refractoriness does 
enter into the problem. The ideal material must have 
a rather peculiar combination of fast slaking, high 
plasticity and high refractories. Peculiarly enough, 
it is also essential that clay should not be too refrac- 
tory, excessively plastic, or excessively rapid in slaking. 
For example, an extremely plastic or quick-slaking 
clay may give difficulty in the gun nozzle by setting up 
plasticity and green strength before the material can 
get out of the gun nozzle and onto the wall of the 
cupola. The limitation in the properties of clay is 
a major factor in determining the correct composi- 
tion of the refractory used for the air-placement of 
monolithic patches. 

Extraneous Influences Upon Refractory Life 

In this discussion an attempt has been made to 
cover those factors which affect the quality of a mono- 
lithic patch applied with the air-placement process. 
However, it would not be fair to conclude this dis- 
cussion without stating that there are influences out- 
side of the variation in 1) refractory quality, 2) 
method of gun operation, or 3) method of cupola 
operation. These influences on refractory life are 
particularly unfortunate because they are not always 
easy to identify. In many cases the influence of these 
extraneous factors may be confused with other influ- 
ences such as the refractory quality. There have been 
many cases in which some coincidental influence has 
to lead to the belief that there has been a change in 
the refractory quality. To the casual observer, the 
two problems are almost identical. In some cases, it 
has required rather careful search to determine which 
influence was really governing the refractory life of 
the particular operation. 

One of the outside influences on refractory life is a 
change in the melting rate. All other things being 
equal, the refractory loss will be related to the num- 
ber of tons of iron melted per hour. If the melting 
rate is increased because of increased requirements 
for metal by the foundry, an increased refractory loss 
should be expected. This feature may be confused 
by the fact that the total melt of the foundry may 
remain unchanged. For example, even though the 
same number of tons are melted per day in a foundry, 
the refractory loss per ton of metal produced will 
increase if the total is obtained from an increased 
melting rate per hour, but for fewer hours. 

Another influence on refractory life is coke quality. 
This may be difficult to understand because it is so 
hard to study. The relationship is difficult to deter- 
mine because of the known lack of coke specifications 
in the foundry. There is a lack of fundamental infor- 
mation which might permit the foundrymen to inter- 
pret a change in coke quality in terms of refractory 
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life. To demonstrate the influence of coke quality in 
terms of refractory life, it frequently is necessary to 
determine a direct relationship between a given car 
of coke and a given refractory. 

We are not able to define the exact property of coke 
which influences refractory losses. The properties 
involved are reflected in the necessity for increased 
flux, a tendency toward bridging and similar indica- 
tions to what the foundryman calls “dirty cupola 
practice.” From what has been done thus tar, how- 
ever, we do know that the properties of coke which 
are related to the refractory losses will include 
strength and ash content. Probably, the most impor- 
tant is that coke be strong. Strong cupola coke, low 
in ash, is markedly superior in this respect to weak 
high-ash coke. Fortunately, these same properties 
which are desirable from the standpoint of refractory 
loss are also known to be desirable from the stand- 
point of metallurgical control of the cupola and over- 
all economy. 

Many observations have been made in which sud- 
den increases in bridging and lining losses were 
blamed on the refractory practice, but which were ul- 
timately proved to be curable by a return to the pre- 
vious higher quality coke. 


Conclusions and Acknowledgments 


Because of the nature of this paper, it is not possi- 
ble to summarize the conclusions in the usual fashion. 
The entire paper is a discussion of the conclusions 
reached by a number of cupola operators concerning 
the best operating techniques of the 1) cupola, 2) air- 
placement equipment, and 3) refractory mixing opera- 
tion to develop optimum results from monolithic 
patch materials used in the air-placement process. 
It has been shown that these monolithic patches are 
subject to all of the usual considerations which affect 
the life of refractories used in cupola operation. In 
many cases the exact influence of a given factor will 
be different for the monolithic patch than for a pre- 
fired refractory material, but the basic relationship 
between cupola practice and refractory life exists. If 
this discussion were summarized in a single sentence, 
it would be by pointing out that the cupola operator 
can do a great deal by controlling the cupola, the 
charge materials, the air-placement equipment and 
the refractory to minimize refractory losses per ton of 
iron melted. 

It is impossible to acknowledge all of the help ob- 
tained in preparing this discussion because the paper 
covers the experience of so many people. However, 
the authors would like to acknowledge the help of 
R. E. Cleland, W. R. Adams, W. W. Woodman, R. 
A. Green, C, P. Loucks and Robert Washam who were 
particularly instrumental in gathering the informa- 
tion during their activities in those foundries using 
the air-placement process. 
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DISCUSSION 

Chairman: W. R. JAESCHKE, The Whiting Corp., Harvey, Ill. 

Co-Chairman: R. P. ScHauss, Werner G. Smith, Inc., Chicago. 

Recorder: R. A. WitscHey, A. P. Green Fire Brick Co., Chicago. 

Grorce Bwo.e:? Do you think that higher P.C.E., higher 
density and lower iron content in the refractory should be 
conducive to less erosion? 

Mr. Bartow: Not necessarily. Linings appear to be service- 
able in many instances where refractoriness does not appear 
to justify their behavior. We recall one instance in which we 
took two mixes and ran 2750 F slump tests. The mix that 
stood up best in service did worst in the slump tests. 

CHAIRMAN JAESCHKE: What are the advantages of glazing? 
How much overhang do you recommend? Can you give more 
data on the contour linings? Would you not be afraid of such 
thin linings on long hours of operation? 

Mr. Bartow: We desire a glaze to prevent slumping. Like- 
wise, too much of a glaze will result in greater eventual loss 
during the heat. We do not like to restrict the area by over- 
hang more than 15 per cent. That is the area at the overhang 
shall not be less than 85 per cent of the area in the melting 
zone. We definitely favor contour linings. There is a limit to 
their use, that is, how much contouring can be done. Regard- 
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less of size and length of heat there will be less refractory loss. 
Experience must dictate the extent of contouring. For exam- 
ple, a 4-in. lining will last longer than the first 4 in. of a 6-in. 
lining. 

MEMBER: How do you proceed when you line down a large 
cupola for smaller than rated heats? 

Mr. Bartow: You will of necessity have to use a thicker 
refractory lining, but remember that the refractory loss, that 
is pounds per ton, will be more with the thicker lining. In 
general, the slower the foundry runs the higher the refractory 
cost per ton. This is to be expected because the reaction face 
is better insulated and hence slags away at a more rapid rate. 

F. E. Bates:? Is it not advantageous to preheat the lining 
before placing the coke bed? 

Mr. Bartow: No, it does not help, nor do we appear to get 
any advantage from an air drying. Monday heats are rarely as 
good refractory-wise as other weekday heats. A fast burn-in, 
even in minutes, often gives best results. In one case we actu- 
ally chipped, patched and lined and had the first iron in 57 
min with very good results. 


1Tllinois Clay Products Co., Chicago. 
2 Solvay Process Div., Allied Chemical and Dye Co., Buffalo. 














TRENDS FOR THE RELATION 


OF CHILL TEST DEPTH 


AND CARBON EQUIVALENT OF GRAY CAST IRONS 


By 


E. A. Loria* 


ABSTRACT 


A large number of chill test measurements 
analyses for gray cast irons were obtained at two automotive 
foundries that employed different cupola melting practices. The 
relation between composition and chill depth was studied so 
that such measurements could be more accurately charted with 
respect to metal chemistry and the marked effect of silicon on 
depth of chill more thoroughly evaluated. The customary way 
of plotting chill depth vs carbon equivalent for a wide range 
of carbon and silicon contents produced a wide scatter band of 
results for both practices. The data were then reviewed from 
the standpoint of separating the individual effects of carbon 
and silicon on chill depth. The selection of a good part of the 
data on the basis of a constant carbon/silicon ratio narrowed 
the scatter band considerably. The relation between chill depth 
and carbon equivalent is improved by the selection of data on 
the basis of a given carbon/silicon ratio and the important 
effect of a change in the carbon/silicon ratio on the resuits ob- 
tained is noteworthy. Another means of reducing the spread in 
results for the relation of chill depth and carbon equivalent is 
to assign a greater value to the effect of silicon than is given in 
the currently used carbon equivalent formula. The accumu- 
lated data were revaluated on the basis of a new parameter, 
carbon +. 1.5 silicon. Plotting this parameter in relation to chill 
depth reduced the spread in results obtained for carbon equiva- 
lent and suggests that the effect of silicon in controlling chill 
depth is greater than has been heretofore recognized. 


and chemical 


Introduction 

Use of the chill test, as we know it today, probably 
began in foundries that specialized in the production 
of car wheels and iron rolls. The depth of chill in 
such castings is an important factor in controlling 
their service life and performance’? so a rapid and 
simple method for controlling structural uniformity 
had to be developed. Modifications of the test have 
since been devised to suit many different types of 
foundries. Recently, Krause* reviewed the relation 
between chill tests and the metallurgy of gray iron. 
He concluded that chill and wedge tests are not a 
substitute for chemical analysis although they will 
greatly extend its usefulness. Because the depth of 
chill is influenced by melting conditions, as well as 
chemical composition of the iron, the relation be- 
tween depth of chill and properties of the iron must 
be worked out for each particular melting practice. 


*Senior Engineer, Metallurgy, The Carborundum Co., Niagara 
Falls, N. Y. 
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Generally, the depth of chill will vary with (a) 
chemical analysis of the iron, (b) melting and pour- 
ing temperature, (c) degree of oxidation during 
melting, and (d) make-up of the cupola charge. 
Specific factors affecting chill depth would include 
(a) carbon and silicon contents of the iron, (b) 
amount of steel in the charge, (c) operating on a 
borderline iron to coke ratio, (d) time of contact be- 
tween iron and coke, (c) degree of oxidation of iron 
and slag, (£) amount and kind of gases in the iron, 
(g) residual elements in the iron such as chromium, 
and (h) inoculation of the iron. Differences in these 
conditions together with experimental errors attend- 
ant to the casting of chill test specimens will produce 
a scatter band of chill depth measurements. Differ- 
ences because of experimental errors would include 
those caused by variations in (a) precision of mea- 
suring chill depth, (b) temperature of the chilling 
plate, (c) pouring temperature of the iron, and (d) 
dimensions of the chill test specimens. 

Although the composition of the iron is only one 
of the factors which affects the chilling tendency of 
the iron, it is a very important one. If the other 
cited factors are fairly well controlled, the relation 
between composition and chill depth is fairly good, 
and in this connection, carbon and silicon are the 
two most significant elements. It is the purpose of 
this paper to show how chill depth data can be more 
accurately charted with respect to the chemistry of 
the iron and to call attention to the marked effect 
of silicon on depth of chill. A large number of chill 
tests were taken as a part of two extensive investiga- 
tions of the metallurgical quality of cast iron melted 
by two large foundries and these tests provided the 
necessary data for analysis. The chill test specimens 
were poured in dry-sand cores against a water-cooled 
steel plate. Specimens measured 3 X 14 X %& in. 
and had the 3 x %-in. face against the chill plate. 
They were fractured and measured for depth of 
chill in 32nds of an inch. Drillings were taken from 
the base of each specimen and provided the chemical 
analysis of the iron at 14-hr intervals. 

Producer A made automotive castings varying from 
% in. to 2-in. thickness with a nominal analysis 
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Fig. 1—Chill test and chemical analysis blocks tor ladles from which the various test program castings were poured. 


range of 3.35-3.50 pct total carbon, 1.80-2.00 pct sili- 
con. Producer B made agricultural implement cast- 
ings varying from !4-in. to 1¥2-in. thickness with a 
nominal analysis range of 3.35-3.50 pct total carbon, 
2.00-2.20 pct silicon. Some pertinent information re- 
garding their respective cupola operations can be 
found in Table 1. The cupola charge components 
employed by Producer A were 30 pct steel, 30 pct 
pig iron, 22.5 pct cast iron returns and 17.5 pct cast 
iron briquettes. Producer B used 53 pct cast iron re- 
turns, 35 pct pig iron and 12 pct steel in each cupola 
charge. Both used ferrosilicon and/or silicon carbide 
briquettes to arrive at the desired silicon specifica- 
tions. A more moderate melting practice was em- 
ployed by Producer B in comparison to the “hard 
blown” cupolas operated by Producer A for maxi- 
mum production. Usually any change in melting 
practice which tends to make conditions more oxi- 
dizing will result in an increase in chill. 


Results and Discussion 


Each day, 15 chemical analyses of chill test drill- 
ings were taken at 14-hr intervals in order to produce 
control charts covering total carbon and silicon per- 
centages. Running average or X-R charts were 
plotted from the tabulated data for 24 days of cupola 
operation by Producer A and 10 days of cupola oper- 
ation by Producer B. Photographs of the chill test 
fractures were taken for each heat but for the sake of 
brevity only the results for two heats will be included 
here as an illustration. Figure | shows the chill test 
fractures for a particular day when the silicon con- 
tent was very much on the low side of the desired 
1.87 to 2.13 pct range, 2.00 pct average. Actually, 
the running average (X) for silicon fell well below 
the 1.87 pct minimum, while the difference between 
maximuni and minimum values (R) exceeded the 
0.40 maximum value during a significant part of the 
heat and was above the 0.18 average value for the 
entire heat. On the other hand, the carbon content 
was on the high side throughout the heat, being 
above the 3.50 pct maximum for the latter half of 
the heat and always above the 3.43 pct average. Con- 


TABLE ]—CuProLA OPERATING PRACTICE AND 
METAL ANALYSIS 








Component Producer A Producer B 
Melt, tons per day 130-160 100-120 
Number of cupolas 2 2 
Inside diameter, in. 66 72 
Stock height to bottom of charging 20 16 


door, ft 


[ype tapping Intermittent Intermittent 


Type slagging Rear Rear 
Type lining Firestone Firestone 
Melting rate, tons per hi 16-20 10-12 
Bed height, in. 100-108 60-62 
Blast pressure, 0z 22-35 16-20 
Blast volume, cu ft per min 8000-9850 7500-7800 
Iron temperature at cupola spout, F 2750-2850 2800 
Type coke By-product By-product 
Coke charge, Ib 575 375 
Metal charge, lb 4000 2100 
Stone charge, lb 125 80 
Approx. silicon loss, % 22 12 
Metal Analysis: Total carbon, % 3.35-3.50 3.35-3.50 
Silicon, % 1.80-2.00 2.00-2.20 
Manganese, % 0.82-0.95 0.75-0.95 
Sulphur, % 0.09-0.13 0.13-0.15 
Phosphorus, % 0.15-0.18 0.10-0.15 





sequently, the R values for carbon were above the 
0.10 desired average, being around 0.20 for most of 
the heat. Figure 2 shows the chill test fractures for 
a heat in which a somewhat higher silicon content 
was realized. The running average (X) for silicon fell 
within the 1.87 pct minimum for most of the heat 
and the difference between maximum and minimum 
values (R) were between 0.20 and 0.30 for prac- 
tically the entire heat. The carbon content was well 
within the desired 3.35-3.50 pct range, being close to 
the desired 3.43 pct average. Accordingly, the R val- 
ues fell within 0.05 and 0.10. 

The many chill depth measurements obtained for 
Producer A irons were plotted against carbon equiva- 
lent (total carbon + 1/3 silicon) and it was found 
that the spread in results was about + 64, in. in the 
range from 3.80 to 4.50 pct carbon equivalent. This 
degree of variance was probably brought about by 
the fact that the irons were produced in “hard-blown” 
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Fig. 2—Chill test and chemical analysis blocks for ladlesfrom which the various test program castings were poured. 


cupolas aiming for top production. The use of an 
appreciable amount of steel in the cupola charge 
also contributed an effect. When the cupolas were 
“in stride” the variations in chill depth were mini- 
mized. Generally, an increase in either carbon or sili- 
con content of the iron reduced the average depth of 
chill and, as expected, the chilling tendency was 
therefore decreased when the carbon equivalent was 
increased. All of the irons were melted with the 
same type of acid slag whose composition varied be- 
tween the limits of 29-35 pct CaO, 45-52 pct SiOz, 
9-11 pct Al,O,, 3-5 pct MnO, and 1-3 pct FeO. An 
examination of the several chill depth readings for 
Producer B irons showed a spread in values of about 
+ %» in. at carbon equivalents ranging from 3.75 
to 4.40 pct. Less variation was obtained in this series 
of irons because less steel along with more returns 
and pig iron was used in each cupola charge and a 
more moderate melting rate practice was followed. 
All of the irons were melted with the same type of 
acid slag whose composition varied between 30-34 
pet CaO, 46-53 pct SiOs, 11-15 pet Al,O 3, 2-3 pct 
MnO, 0.5-1.5 pct FeO. 

A review by Hamberg?* of the previous work on the 
properties of cast iron (principally strength) in re- 
lation to the carbon equivalent concluded that the 
total carbon content is generally three times as im- 
portant as the silicon or phosphorus. As stated above, 
employing this parameter in relation to the chill 
depth measurements obtained in this study produced 
a rather wide scatter band of results. Consequently, 
the data were reviewed from the standpoint of sepa- 
rating the individual effects of carbon and silicon. 
The marked effect of silicon on chill depth, particu- 
larly for the lower carbon irons is quite evident. The 
effect of carbon on the depth of chill varies with the 
silicon content so that, at low silicon contents, the 
influence of carbon on the depth of chill is much 
greater than at higher silicon contents. These facts 
led to the selection of a good part of the data on the 
basis of a constant carbon/silicon ratio as a means 
of narrowing the scatter band for the relation of chill 
depth versus carbon equivalent. Actually, extent of 
the latter is shown in Fig. 3, if one considers all the 
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Fig. 3—Effects of carbon equivalent and carbon/silicon 
ratio on chill depth of Producer A iron. 


plotted data irrespective of carbon/silicon ratios. 

The data for the Producer A irons could be segre- 
gated according to a carbon/silicon ratio of 1.60 to 
1.70 or a carbon/silicon ratio of 2.00 to 2.10. Most 
of the data for the Producer B irons fitted well with- 
in the carbon/silicon ratio of 1.50 to 1.60. The re- 
lationship between chill depth and carbon equiva- 
lent, for a given carbon/silicon ratio, is given in Figs. 
3 and 4. The important effect of a change in the 
carbon /silicon ratio is evident and the reduction in 
scatter is noteworthy. For the Producer A practice, 
the spread in results is reduced to + %4» in. at car- 
bon equivalents from 3.80 to 4.50 pct. For the Pro- 
ducer B practice, the spread in results is reduced to 
about + %%» in. at carbon equivalents from 3.75 to 
4.40 pct. Therefore, it appears that a more consist- 
ant relationship for chill depth and carbon equiv- 
alent can be derived by this procedure. Further- 
more, a review of the entire data showed that the 
carbon/silicon ratio in both types of iron tended to 
remain rather constant when the respective opera- 
tions with their own particular metal charge and 
slagging practices were running smoothly. 
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Fig. 4—Effects of carbon equivalent and carbon, silicon 
ratio on chill depth of Producer B iron. 


Angus and his associates at the British Cast Iron 
Research Association® presented a searching analysis 
of the relation between the mechanical properties of 
cast iron and the carbon equivalent value. The rea- 
son for using the carbon equivalent (total carbon + 
1/3 silicon + 1/3 phosphorus) as a basic standard 
was given and the correlation between it and the 
tensile strength or transverse strength was shown to 
be of value for unalloyed and uninoculated irons. 
In the discussion, MacKenzie® mentioned that car- 
bon equivalent could not be used in relation to chill- 
ing tendency and added that the tendency to chill 
seems to be much nearer a function of the carbon 
plus silicon, disregarding the phosphorus. Notwith- 
standing, there has been the inclination in the litera- 
ture to plot chill depth vs carbon equivalent for a 
wide range of carbon and silicon contents and the 
usual result has been, as in this investigation a wide 
band of chill depth values throughout the analysis 
range. A way of reducing this scatter band, by plot- 
ting the data according to a particular carbon/sili- 
con ratio, has been set forth in this paper. 

Since the carbon equivalent may not give sufficient 
recognition to the potent effect of silicon in reducing 
chill, the data were re-evaluated on the basis of a 
new parameter, carbon + 1.5 silicon. A factor of 
1. 5 for the silicon was arrived at rather than a fac- 









































30 
1} Behee ; 
_— oO re) 
2 20 % Pron0° |o 
” |? a 00 
© © PRBed° 
a + ° 4 
2 % GPR, 0 |o 
= 10 5 
<= 
=) 
1 1 l l l 
5.8 6.0 6.2 6.4 6.6 


Total Carbon + 1.5 Silicon, % 


Fig. 5—Relation of chill depth and carbon -+- 1.5 silicon 
for Producer A iron. 
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tor of | or a factor of 2 by virtue of the fact that it 
reduced the scatter band to a greater degree than 
either of the latter. A good part of the accumulated 
data was plotted in this manner and the correlation 
is shown in Figs. 5 and 6. For the Producer A irons, 
the spread in results is reduced to + %» in. at car- 
bon + 1.5 silicon values ranging from 5.85 to 6.65 
pct. Referring back to Fig. 3, one must admit that 
there is still a pronounced effect of carbon + 1/3 
silicon on chill depth over the entire range of carbon, 
silicon ratios. The trend is evident but the effect is 
quite variable in comparison, the spread from the 
average being + %. in. For Producer B irons, the 
use of the carbon + 1.5 silicon factor reduced the 
spread to + 3%» in. in the same parameter range. In 
comparing Fig. 4 and 6, there is undoubtedly some 
improvement in that the curve has been straightened 
out, but the width of the band has not been reduced 
sufficiently. However, it should be noted that the 
data in Fig. 4 represent only irons possessing a car- 
bon/silicon ratio of 1.5 to 1.6 rather than the spread 
of + 4%» in. obtained for all irons (irrespective of 
carbon/silicon ratio). These plots show less spread 
than carbon equivalent and suggest that the effect of 
silicon in controlling chill depth is greater than has 
been recognized heretofore. The trends should be 
verified by considerably more data and it is hoped 
that the numerous chill test results that have been 
accumulated by the foundry industry will be analyzed 
along the lines suggested in this survey. 
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Fig. 6—Relation of chill depth and carbon -+- 1.5 silicon 
for Producer B iron. 
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DISCUSSION 

Chairman: D. E. Krause, Gray Iron Research Institute, Co- 
lumbus. 

Co-Chairman: F. T. McGuire, Deere & Co., Moline, III. 

Recorder: D. §. EppELsHEIMER, Missouri School of Mines, 
Rolla. 

W. T. SHEFFIELD (Written Discussion):* The main points 
brought out by Mr. Loria in this paper seem to be these: 

1. The ratio of the total carbon content to silicon content of 
gray iron has far greater significance in evaluating chilling tests 
than the conventional “carbon equivalent” (% total carbon + 
1g silicon content). 

2. The effect of silicon in controlling chill depth is far greater 
than has hitherto been recognized. 

The writer’s experience would corroborate both of these 
points. He has found the so-called “carbon equivalent” to be 
only a glittering generality unless the ratio of total carbon to 
silicon content is considered. As this ratio changes, even though 
the sum of the two factors be the same, different tendencies 
toward chilling have been observed. 

It has also been observed that the effect of silicon in control- 
ling depth of chill has been an exceedingly variable factor, 
even when the carbon/silicon ratio is considered. 

In the second paragraph of this paper, the author lists “make- 
up of the cupola charge” as one of the major factors which 
control depth of chill. Under “specific factors affecting chill 
depth” he lists “carbon and silicon contents of the iron and 
amount of steel in the charge, as well as melting conditions.” 
Again the writer’s experience would be in accord with the 
author’s statement. 

lo be more specific regarding the effects of variations in the 
make-up ef the cupola charge, it has been observed that the 
conventional “carbon equivalent” is more indicative of the 
depth of chill when all of the silicon content is charged as pig 
iron and scrap, no other forms of silicon such as ferrosilicon, 
silicon briquettes or silicon carbide being used. 

When silicon is added to the charge as ferrosilicon, silicon 
briquettes or silicon carbide, the effect of the silicon has seemed 
to be more potent than would be expected from the conven- 
tional “carbon equivalent” of the iron, just as indicated by 
the author. 

The writer has observed at times that chill tendency also 
has seemed to vary with the type of pig iron being used. A 1X 
or 2X pig iron would not react in the same degree as a No. 3 
or No. 2 plain pig. 

The trends noted by the author in his logical evaluation of 
operational data coincide with actual experience in many shops. 

The writer is a firm believer in “heredity” or “personality” 
of pig iron and scrap. He is of the opinion that the ultimate 
explanation of many of these paradoxes of experience will be 
found when an adequate explanation of “heredity” shall have 
been discovered. 

P. C. ROSENTHAL (Written Discussion):* Mr. Loria is to be 
commended for providing such extensive data correlating chill 
depth with chemical composition. The lack of good agreement 
between chill depth and carbon equivalent shown by Mr. Loria 
is not surprising in view of the fact that other factors beside 
the carbon and silicon contents must be also instrumental in 
controlling chill depth. In fact, the lack of correlation in re- 
sults between irons from Producer A and Producer B, as exem- 
plified by Figs. 5 and 6 of the author’s paper, indicate this. 
The stability of iron carbide could hardly be expected to be 
directly related to an empirical proportioning derived origin- 
ally to relate the composition to the freezing process. Even a 
property such as fluidity, which might be expected to be closely 
associated with the freezing mechanism, has been found to cor- 
relate better with a factor other than the carbon equivalent. 

E. L. LAyYLAnp (Written Discussion):* The author has pre- 
sented two interesting concepts in handling chill depth—chem- 
ical composition data for gray cast iron to reduce the scatter 
of the plots of chill depth versus carbon equivalent. The typi- 
cal “shot gun” characteristics of plots of chill depth versus 
carbon equivalent have been greatly minimized by plotting 
these properties for restricted carbon-silicon ratios and by 
assigning a parameter of 1.5 to the silicon content instead of 


‘ Foundry Superintendent, Hershey Machine & Foundry Co., Manheim, Pa. 
2 Professor of Mining & Metallurgy, The University of Wisconsin, Madi- 
son. 
_ % Metallurgical Application Section, Materials Engineering Dept., West- 
inghouse Electric Corp., East Pittsburgh, Pa. 
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the customary 0.33. Both of these treatments of the data re- 
sulted in splendid correlation of chill depth with the carbon- 
silicon composition. 

In an effort to apply these concepts, the quality contro] rec- 
ords for two classes of iron (30,000 psi minimum tensile 
strength and 20,000 psi minimum tensile strength) produced at 
our gray iron foundry were reviewed. Approximately 90 sets of 
chill depth and carbon-silicon data were analyzed for the 30,000 
psi iron and 60 for the 20,000 psi iron. Although the data 
were not analyzed by statistical methods, it was obvious that 
little if any correlation existed between the chill depth and 
the conventional carbon equivalent. The use of a parameter of 
1.5 for silicon and segregating the data by restricting the 
carbon-silicon ratio did not result in any apparent improve- 
ment in the correlation. It would be interesting to apply these 
concepts to other data to determine whether or not the 
author’s findings are usually applicable. 

The 30,000 psi iron was produced in two cupolas tapped 
intermittently, one of about 25,000 lb melting rate per hour 
and 68-in. diam at the bosh and the other of about 22,000 Ib 
per hour and 55-in. diam bosh. The metal charge consisted of 
28 per cent pig, 34 per cent steel and 38 per cent foundry 
returns. All ladles of both classes of iron were inoculated with 
SMZ alloy, usually in amounts of 0.05 per cent to 0.10 per cent 
Some ladles also had a 0.10 per cent addition of ferrosilicon. 

Only a few data were available on 20,000 psi iron prior to 
inoculation and again no correlation was found. It is assumed 
that the author’s results were obtained from uninoculated iron. 
Perhaps a good correlation by the author’s methods is gen- 
erally applicable to uninoculated irons and not to inoculated 
irons. 

W. C. Jerrery (Written Discussion):* The author should be 
congratulated for his contribution to the understanding of the 
relationship between chill and the carbon equivalent of gray 
cast iron. As is pointed out in the paper, the effect of silicon 
in controlling chill is apparently greater than that attributed 
to it in the usual methods of calculating carbon equivalent. 
Our experience with cupola-melted iron used in producing 
automotive castings and with iron produced in the laboratory 
in small cupolas, indirect arc and induction furnaces has shown 
that the silicon content and carbon-silicon ratio are important 
factors influencing chill depth. 

As the author suggested in his paper, an attempt was made 
to analyze some chill results obtained recently in a series of 
indirect arc electric furnace melted heats. These cast irons 
varied from 2.11 per cent to 4.16 per cent carbon and the sili- 
con content varied from 1.36 per cent to 3.22 per cent. All of 
these irons were poured at a temperature of 2700 F into a dry 
sand chill mold 4 x 114 x % in. When chill depth was plotted 
against the C. E. using the suggested parameter C. FE. = % T. C. 
+ 1.5% Si, it was found that there was apparently no better 
correlation obtained than when chill depth was _ plotted 
against C. E. where the C. E. was considered to be C. E. = 
%T.C. + 038 (% Si + &% P). 

The writer would like to know if the author has had any 
experience in applying his suggested parameter to iron having 
very low and very high silicon and carbon contents. 

In our recent investigation where an attempt was made to 
relate many of the properties of cast iron to the carbon equiva- 
lent, it was noted that under certain conditions phosphorus 
acted both as a carbide stabilizer and as a graphitizer. The 
writer would like to know if the author considers the element 
phosphorus important enough to be considered in a C. E. 
parameter. 

S. F. CARTER (Written Discussion):* The author has empha- 
sized an important principle in chill correlation. 

We have never found the chill depth to correlate with the 
usual carbon equivalent formula of C + 0.3 (Si + P) for 
all types of iron. 

Likewise, we have found variations in the relative effects of 
Si and C on our various irons. The author has suggested an 
important principle in considering the ratio of C to Si. 

On irons with silicon as low as 1.00 per cent and C to Si 
ratio of 3.0 or more, we have found Si more influential than 
carbon. With silicon contents in the 1.60 per cent to 2.40 per 
cent range and C to Si ratio 1.5 to 2.0, we have considered the 
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two essentially equal in chill effect. On another iron with Si 
content near 3.0 per cent and C to Si ratio of 0.8 to 1.0 the 
effect of Si appears only 0.2 or 0.3 that of carbon. 

We do not believe any one formula will fit all irons. As the 
author indicates, allowance must be made for the relative con- 
centrations of the various elements. 

Our experiences indicates that the same carbon equivalent 
formula can not be applied with equal accuracy to carbon 
saturation, strength, fluidity, and chill depth. 

H. T. AncGus (Written Discussion):® 1 am extremely inter- 
ested in this paper, as we, too, found that the use of the chill 
test for foundry control cannot be very clearly tied up with 
the carbon equivalent value, particularly when operated in 
different foundries. We carried out a short investigation upon 
this subject some years ago, while we were carrying out the 
work previously published, and came to the conclusion that 
although the method had marked value in each individual 
foundry, it could not be readily tied up with the chemical 
composition, nor could the results be directly transferred from 
one foundry. to another. 

I think it is important to have quite clearly in our minds 
the limitations of the carbon equivalent value as a means of 
assessing the properties of cast iron. There seems no particular 
reason why the precise eutectic value of an iron should neces- 
sarily influence lineally such diverse properties as_ tensile 
strength, tendency to chill, structural changes when _ passing 
through the critical points, or liquids and solidus temperatures. 

Riley* has shown that the conventional formula for the de- 
termination of the eutectic value, of 1% silicon, 14 phosphorus, 
applies surprisingly enough over a range of carbon contents up 
to 5 per cent or 6 per cent, as far as the actual eutectic com- 
position is concerned. Evans? has shown that by using a modi- 

Si P 
fied factor, (T.C. = — + —,), the liquidus temperature can be 
: 2 
predicted with some degree of accuracy, and the work of 
Krause® and others has shown that some other factors can be 
quite legitimately employed in their specific contexts. These 
variable factors do clearly indicate the empirical nature of the 
relationship which we are attempting to establish, and _ this 
new work of yours adds further evidence to this point. 

It is important to remember, in dealing with chilling proper- 
ties, that there may be a marked difference in the response of 
any particular iron to a forced chill as compared with a natu- 
ral chill. In the paper published by Angus, Dunn and Marles* 
the onset of chill was judged microscopically by the initial 
formation of free carbide, usually associated with a phosphide 
lake. The point at which free carbide begins to form in this 
manner in sand-cooled castings will not necessarily bear more 
than a very rough relationship to the depth of which chill will 
penetrate when the rate of cooling of a casting is markedly 
increased by the provision of metallic chills, or indeed, by the 
extension of the depth of chill in a sand-cooled casting. 

Ihe standard wedge and chill tests, however, serve the very 
important purpose of controlling the quality of the iron that 
is being produced from hour to hour in a given foundry, and 
although our experience has shown that such control tests can 
only be partially related to the composition, it must be remem- 
bered that even the composition itself is really only controlled 
in an attempt to attain reproducible mechanical properties in 
the actual castings. It is well known that these properties can 
vary quite widely for the same analysis, when, for example, 
melting conditions or charge composition are varied. It may 
well be that the standard control test, whether by forced chill 
or by sand-cooled wedge, will give a better index of the me- 
chanical properties, and in particular machinability, even than 
the chemical analysis. The use of both methods of test can 
therefore be completely justified, even though the results of the 
one do not entirely tie up with the results of the other. 

This paper shows quite clearly that the relationship of carbon 
to silicon is at least as important as the carbon equivalent value 
in estimating the effect of forced chill on a given iron, and 
the curves in Figs. 5 and 6 may well prove to be a very useful 
Starting point for any foundry operating tests of this sort. It 
should not, however, be assumed that the same relationship 
will necessarily apply for a sand-cast wedge chill, and this 
work might very well be extended to cover this type of control 
test. 

“ Development Manager, The British Cast Iron Research Association, 
Alvechurch, Birmingham, England. 
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The effect of phosphorus upon the chilling tendency of an 
iron is, of course, much less important in the United States 
than it is in Great Britain, where foundries quite frequently 
run with a fairly wide range of phosphorus contents. Certainly, 
the effect of phosphorus upon chill cannot be ignored in cast- 
ings containing over 0,5 per cent phosphorus. Where, however, 
phosphorus contents are kept reasonably uniform in all grades 
of castings that are being manufactured, particularly if the 
content is low, for control purposes it may be perfectly legiti- 
mate to ignore its effect. 
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Mr. Loria (Author's Written Reply): The respective chemi- 
cal analyses and chill depth measurements for the chill tests 
shown in Fig. | and 2 were omitted from the paper but are 
given here so that an understanding of the magnitude of the 
chill depth with metal chemistry can be obtained. The data 
for the chill blocks no. 1 to 8, shown in Fig. 1, are: 


No. %TC Si ™%CE Chill, in. 
l 3.39 17000 3.96 1835 
2 3.39 1.57 3.91 2845 
8 3.58 1.67 4.14 1445 
1 3.55 1.79 4.14 12% 
5 3.50 2.13 4.21 Sho 
6 3.50 1.80 4.10 1745 
7 3.60 1.88 4.22 %o 
8 3.60 1.76 4.18 1345 


The data for the chill blocks no. 1 to 6, shown in Fig. 2, are: 


No. %TC Si %CE Chill, in. 
I 3.43 ~ 41.79 4.03 — 17 
2 3.30 2.07 4.07 1149 
3 3.40 2.01 4.07 tho 
t 3.48 1.92 4.12 13.45 
5 3.50 1.94 4.15 Bho 
6 3.45 1.95 4.10 1149 


The discussors are to be thanked for their pertinent com- 
ments. It is gratifying to have Mr. Sheffield’s and Prof. Rosen- 
thal’s experience to confirm the main points of the paper. Mr. 
Sheffield has set forth in clear-cut fashion the importance of 
the raw materials entering the cupola in their effects on chill- 
ing tendency. This is another way of saying that the relation 
between chill depth, chemistry and properties of the iron must 
be worked out for each particular melting practice. Prof. 
Rosenthal has shown that fluidity, another property of cast iron 
which he has studied extensively, correlates better with a factor 
other than carbon equivalent. 

Mr. Layland has analyzed his data on ladle inoculated irons 
and found no apparent improvement in the correlation. His 
use of silicon-bearing inoculants narrowed the spread in chill 
depth results and brought closer together the measurements 
for irons of varying carbon/silicon ratios. The late silicon 
addition produces an additional effect on chill depth to that 
indicative of the depth of chill when all of the silicon content 
is charged in the cupola, as was the case for the irons described 
in the paper. 

Prof. Jeffery has certainly studied a wide chemical analysis 
range of high phosphorus irons and correlated several proper- 
ties with carbon equivalent. Our own data pertain to vety low 
phosphorus irons and consequently we neglected to consider it 
as having any effect on chill. One can also rely on Dr. Mac- 
Kenzie’s statement in the paper that chilling tendency seems 
to be much nearer a function of the carbon and silicon, dis- 
regarding the phosphorus. In relation to section sensitivity to 
hardness, for low phosphorus northern irons, the effect of silicon 
is, without question, most important and the relatively small, 
additive effect of the small amount of contained phosphorus 
is usually omifted. 
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Fig. 7—Effects of carbon equivalent and carbon/ silicon 

ratio on chill depth of a series of gray cast irons melted 

in the Battelle 10-in. diam cupola. Data of Krause and 
Lownie. 


Since the chill test is devised to control the uniformity of 
cast iron and to predict the structure desired in a commercial 
casting, one might mention that tool life machinabiliy tests on 
'4-in, thick rings (7 in. ID and 9 in. OD) of around 0.50 pet 
phosphorus gray irons showed that this section was as machin- 
able, if not more so, than around 0.20 pct phosphorus irons 
of the same section (casting) and otherwise comparable chem- 
istry.” This would indicate that as much as 0.50 pct phos- 
phorus produced no additional hardening effect. However, the 
reason for establishing a maximum of 0.20 pct phosphorus in 
automotive cast iron is that an excessive amount of phosphorus 
tends to promote shrinkage. Other drill penetration test data 
on step bars comparing 0.20 pct phosphorus iron with 0.70 
pct phosphorus iron showed that drillability was lowered 10 
pct in the latter which would mean that above 0.50 pct, phos- 
phorus would have a hardening effect. Of course, this is tied 
in directly with section size and metal chemistry. In the rela- 
tively small chill teSt casting, the conditions would be appro- 
priate for producing an additional chilling effect from high 
phosphorus in low carbon equivalent irons. Since a phosphorus 
of 0.70 pct actually means a steadite content of 7 pct by vol- 
ume, it is appreciable quantity of a micro-constituent that 
would be expected to impair machining properties, especially 
if the cooling conditions are critical and the graphitizing ele- 
ments in the iron are low. In a chill test specimen, a high 
steadite content would be partially entrapped with the car- 
bide and might be read as part of a higher chill depth because 
of its somewhat similar appearance to carbide. 

It should be noted that Pref. Jeffery’s data are for irons 
melted in the electric furnace. In such a melting unit, the 
graphite nucleating conditions are different than occur in a 
cupola where the iron is in contact with an excess of carbon 
(from the coke) at all times. Superheating in the electric fur- 
nace produces metallurgical changes influencing chill and 
mottle formation particularly with respect to manganese sul- 
phide inclusions, increase in chill crystal formation, and 
changes in oxygen and nitrogen contents. 

Mr. Carter has confirmed the variations in the relative effects 
of silicon and carbon on the chill depth of different irons with 
some actual data. He has expressed the opinion that no single 
equation will fit all irons and that the same carbon equivalent 
formula cannot be applied with equal accuracy to chill depth 
and other divergent properties of cast iron. Dr. Angus also 
stresses the limitations of the carbon equivalent value and 
presents an excellent discussion of the subject. His comments 
on forced chill and sand-cast wedge chill are well taken. An 
extension of the present study covering sand-cast wedge chill 
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Fig. 8—Relation of chill depth and carbon + 1.5 silicon 
for two series of irons of different carbon/silicon ratios. 


tests will be presented in the near future. The producer A 
irons were also poured into two wedge sizes cast in open core, 
the smaller, more sensitive chill test was a V-bar about 14 
in. deep by 4 in. at the top of the V and knife-edge at the 
bottom and 6 in. long. The other wedge, illustrating the effect 
of more mass on chilling tendency, was 4 in. deep by 7% in. 
at the top and 5 in. long. Both the small and largé wedges 
were cast from the same iron after holding the metal in the 
ladle to various temperatures below 2500 F, as measured by 
an immersion pyrometer. 

Since the paper was written, the data contained in Table 5 
of Krause and Lownie’s 1949 AFS paper on the effect of mois 
ture in the blast on the properties of cast iron melted in the 
Battelle 10-in. diam cupola have been plotted and the relation 
between chill depth and carbon equivalent for those irons 
having a carbon/silicon ratio of 1.8 to 1.9 is given in Fig. 7. 
The individual values are close to the trend line. Plotting 
the same data, employing the parameter carbon + silicon, 
produces the pattern shown in Fig. 8. Again, the data appear 
to follow a straight line and the width of the band is 
rather narrow. Also included in Fig. 8 are data for another 
series of irons melted in the Battelle 10-in. cupola, being a 
part of a more recent unpublished study covering the effects 
of oxidizing and normal cupola operating practice on the 
properties of cast iron. Plotting the data for those irons pos- 
sessing a carbon/silicon ratio of 1.5 to 1.6 produced the trend 
shown by the upper line in Fig. 8. Again, the values seem to 
fall pretty close to a straight line function. 

In both investigations, the chill test specimens were poured 
in core against a horizontal water-cooled plate. They had a 
544 by 3-in. face against the steel plate and were 114 in. high. 
The depth of solid chill from the cooled face was reported as 
the chill depth. In the Krause and Lownie study, the rela- 
tionship of chill depth to carbon equivalent showed that 
chemical composition was the main factor controlling chill 
depth, the scatter band for all tests being from 3.80 to 4.20 pct. 
The results for the second study showed a similar trend, the 
scatter band for all tests being about + *%4» in. for 3.60 to 
4.15 pct carbon equivalent. In the former, the 10-in. cupola 
charges contained 37 pct steel, 31 pct malleable pig and the 
cupola was operated with various amounts of moisture in 
the blast; in the latter, 30 to 50 pct steel, 48 to 60 pct malleable 
pig with changes in materials and operating techniques to pro- 
duce both oxidizing and normal melting conditions. Because of 
the effects of variations in the make-up of the cupola charge 
(particularly with respect to the type of pig iron and scrap) 
as well as the individual melting conditions, chill test results 
can only pertain to a particular melting practice and variations 
can be produced that are not explained by the carbon equiva 
lent factor alone. 








TRENDS IN DUST CONTROL—PAST, PRESENT AND FUTURE 


By 


Knowlton J. Caplan* 


There are usually no sharp dividing lines between 
past, present, and future where technical and indus- 
trial developments are concerned, and even if such 
dividing lines should appear from the broad historic- 
al viewpoint, we are unable to recognize them when 
they are happening. The writer should like to pre- 
sent, instead, on a philosophical rather than on a 
technical basis, a picture of the transitions that are 
occurring in this field. 

In the broad consideration of dust control and 
allied problems, several different aspects should be 
considered. Let us discuss the picture in its follow- 
ing aspects: 

Attitudes of management, labor, and the general 

public. 

Available design data and knowledge. 

Practice in design procedure. 

Educational aspects—with particular regard to en- 

gineering. 

Equipment trends—in dust-producing equipment 

as well as in dust control equipment. 

The results obtained from the above factors. 


The Past 


There is not too much benefit to be gained from 
dwelling at length on the past history of dust con- 
trol. We are all aware of the mistakes, both tech- 
nical and in basic conception, that have been made 
and the resulting misconceptions and poor design 
that have become rooted in our practice and are of- 
fering some difficulty in the overcoming. We prob- 
ably are less well aware of the work of the pioneers, 
and especially the “second generation’ of pioneers 
who finally put us on the right track. 

We have almost completely left behind the old at- 
titude symbolized by the feeling that smoky chimneys 
were a sign of activity and progress. Not yet com- 
pletely behind us, but on the way out, are the scare 
attitudes which were manifested soon after wide- 
spread and active interest in dust problems began 
in this country, in the early years of the century. 
During the scare days, management consistently de- 
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nied the presence of any dust or fume problem on a 
categorical basis; labor, equally categorically, was sure 
that any and all dusts were killing workmen by the 
thousands, but frequently demanded extra “hazard 
pay” rather than the correction of the problem. In- 
dustry resisted the admission of any degree of hazard, 
either health or economic, from the dusts and fumes 
which were regarded as an integral and natural by- 
product of the operations. 
Early Dust Control Problems 

Design procedures were poor, plants being con- 
structed usually with absolutely no regard to the dust 
control problems. What dust control was installed 
was added afterwards, in make-shift fashion, at high 
cost and frequently left much to be desired in the 
way of results. General ventilation, rather than local 
exhaust ventilation, was the mode of approach fre- 
quently used; technical papers were even written 
about the ventilation to control the hazards in Brit- 
ish dye works, for example, and the ventilation dis- 
cussed was natural draft general ventilation. 

What technical data were available were often en- 
tirely empirical, and often based on a mistaken con- 
ception, we know now, of the primary factors in- 
volved in the problem. We are all familiar with old 
code requirements—in fact, we have some of those 
codes still with us—where the ventilation of grind- 
ing wheels was based on a criteria of static suction 
at the throat of the hood. A little analysis reveals, of 
course, that a higher static suction could be obtained 
by completely blocking the hood, preventing the flow 
of any air whatsoever, than would be obtained with 
adequate capture volumes of air. Grinding wheel 
exhaust systems have been deliberately designed with 
restrictions to the flow of air in the hood, in order 
to meet these codes, with a resultant higher capital 
cost and operating cost than would be necessary to 
do an adequate job of dust collection. Similarly mis- 
conceived are general ventilation rates based on “air 
changes per hour,” a basis which completely ignores 
important factors such as ceiling height, room di- 
mensions compared to the dust producing operations, 


etc. We still occasionally resort to an “air change’’ 
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basis of design, but only when forced to through ig- 
norauce of the real factors involved. 

Dust-producing equipment, of course, was expected 
to produce dust. Whether or not anything was done 
about it was strictly up to the purchaser or user. 
Dust control equipment was available to handle most 
different types of problems, but was usually bulky 
and expensive on the one hand, or none-too-satisfac- 
tory on the other. Developments of major import- 
ance in dust control equipment were practically non- 
existent for many years prior to the early 1930's. 

The result of these factors, of course, was in gen- 
eral a pretty poor picture with respect to dust con- 
trol and atmospheric pollution. However, in point- 
ing out the flaws and mistakes of the past, we must 
not lose sight of the fact that out of this situation 
and the efforts of the people involved, grew the pres- 
ent quite optimistic situation, where we are in the 
beginning years of a renaissance in the field of dust 
control. 


The Present 

Attitudes—At the present time, we find enlightened 
industry quite ready to admit the potential hazards, 
both health and economic, of the dusts, fumes, and 
atmospheric pollution associated with industry. Quite 
a few industries point with pride to their accomplish- 
ments in the elimination and control of such prob- 
lems, and show resistance to the admission of the 
problems only when an unreasonable, rabble-rousing, 
non-scientific demand is made. Industry is less afraid 
of dust now than in the recent past, and more ready 
to do something about it. Let us not forget that in- 
dustry must foot the major portion of the bill when 
it comes to the correction of dust and pollution prob- 
lems, that such bills are not small, and we should 
therefore give a very large portion of the credit for 
past, present, and future accomplishments to indus- 
try itself. 

We have passed the days when every dust was haz- 
ardous, and are now in a period where the demand 
for scientific evidence of health hazard or economic 
damage is frequently overdone. This is a temporary 
situation. The author believes, because he is con- 
vinced that an eventual realization will grow among 
the industrial leaders, labor, and the public that this 
is frequently too short-sighted a yardstick. Even 
though it might not be possible to prove pathological 
damage from a certain dust or atmospheric pollut- 
ant, or to put a dollar sign on the damage it does, it 
seems rather self-evident that excessive amounts of 
any unnatural material in the air cannot be regarded 
as beneficial, and is most likely harmful to a slight, 
though unmeasurable, degree. Perhaps in the aggre- 
gate, the degree is not so slight and not so unmea- 





surable. 

A clean, dust-free working environment, with good 
housekeeping, increases the efficiency of labor, im- 
proves morale, causes workmen to be neater and more 
careful, and even permeates into the homes and per- 
sonal lives of the men. This is psychologically sound, 
and the writer has personally observed it to be true 
in several instances. This attitude and knowledge, 
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slowly but surely, will spread until it is a well recog: 
nized and practiced part of industrial management. 


Available Design Data—The status of the technical 
design data is considerably improved, with quite a 
body of good design data tabulated and published 
for the foundry, woodworking, metal finishing, rock 
crushing, quarrying, mining, and materials handling 
industries, among others. Although a large portion 
of this information is empirical, it nevertheless is 
perfectly usable and produces good results if ap- 
plied with a generous leavening of common sense and 
experience. 

One hears complaints about the lack of funda- 
mental design data, and experiments are in progress 
at various institutions to provide more such data. 
However, good empirical data is frequently more 
usable than fundamental data, because it is too difh- 
cult to determine quantitatively the fundamental 
facts necessary to apply the fundamental equations. 
For example, the thermal updraft over a hot shake- 
out is a function of the size, skin temperature and 
shape factor, among other things, of the hot castings, 
and if these factors were known, it would be possible 
to calculate the velocity of the dust-laden thermal! up- 
draft. 

However, in a case such as this, it is more practical, 
easier, and more certain of results to actually measure 
the updraft from the shake-out in question; or if a 
projected installation, to predict the updraft on the 
basis of experience with existing installations. The 
determination of the fundamentals is valuable, how- 
ever, in the sense that the nature and approximate 
relationships of the variables involved should be 
known to the design engineer in order that he may 
properly apply the empirical data, and to ensure that 
the empirical data is of sound conception and based 
on the important variables. 

An example of this was the work of Brandt at the 
American Society of Heating and Ventilating Engi- 
neers Research Laboratory which verified, refined and 
extended the early work of DallaValle on velocity 
contours and entry losses for common types of hoods. 
Further work has been done at the Harvard Air 
Cleaning Laboratory on air cleaning devices, and 
work is also going on at the University of Pittsburgh 
under the direction of Hatch, as well as at several 
other institutions. The American Society of Heat- 
ing and Ventilating Engineers is supporting research 
in the general field, and other engineering and tech- 
nical societies such as American Foundrymen’s So- 
ciety, American Society of Mechanical Engineers, 
American Society of Chemical Engineers, and Ameri- 
can Standards Association are showing a re-awakened 
interest through the holding of symposia and appoint- 
ment of special committees. Both laboratory and field 
research is being conducted to a greater degree by 
air cleaning equipment manufacturers. 


Practice in Design Procedure 


At the present, the real and urgent need is not for 
more data, but for more widespread and intelligent 
utilization of the data and knowledge which we al- 
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ready have. Present data are adequate for the vast 
majority of problems, but are not used on these prob- 
lems. Those engineers who specialize in dust con- 
trol are too few in number, and all too frequently 
are not called upon. The general all-around plant en- 
gineer and design engineer is well equipped in the 
fundamental engineering knowledge to do a good job 
of dust control, but usually lacks the ready access to 
good design data.. Also, by virtue of the fact that 
only rarely does he come in contact with such work, 
he is unfamiliar with the methods and techniques 
required in order to bridge the gap between the eval- 
uation of the dust problem, and the necessary con- 
ception of ways and means to establish control. 


Make Information Available 

The best apparent means of correction is to pro- 
vide more widespread education and dissemination 
of knowledge of these techniques. The American 
Foundrymen’s Society, in 1938, made a good start 
with their “Fundamentals of Design, Construction, 
Operation and Maintenance of Exhaust Systems.” 
This publication is now being revised and brought 
up to date. Two or three years ago the American 
Conference of Governmental Industrial Hygienists 
published their Ventilation Manual, an outgrowth of 
a manual originally prepared for Michigan industry 
by the Michigan Department of Health. This manual 
has sold over 3000 copies. Several good books have 
been published in recent years. 

A new American Standards Association code on 
Fundamentals of Exhaust Systems is in preparation. 
A short course in Industrial Ventilation is being giv- 
en once a year at Michigan State College; night school 
courses are being offered at Washington University 
in St. Louis and probably at other schools. Special 
lectures are being given in general design courses in 
the engineering schools to at least inform the young 
engineering student that there is a useful body of 
knowledge in this specialty. Thus it is apparent that 
we have a good start toward the education of the 
plant engineer and design engineer, and this is well, 
because surely they are the men who actually design 
the vast majority of dust control systems. The spe- 
cialists never see most of the jobs. 

Modern industrial practice and procedure is now 
beginning to show signs of incorporation of dust con- 
trol thinking and design in the original plant de- 
sign, rather than as an after-thought. Not too in- 
frequently nowdays, one hears of a plant so con- 
structed, and this was almost unheard of not too 
many years ago. True, many such plants are in those 
industries which have a well recognized problem of 
long standing—such as the foundry industry—but 
in time the practice is bound to become more wide- 
spread because it is so logical and so economical. 

The writer recently had the privilege of being as- 
sociated with the design and construction of a plant 
for handling and processing tonnage quantities of a 
raw material used by the Atomic Energy Commission. 
Dust “tolerance”’—the maximum allowable concen- 
tration of dust in the air in working areas—was estab- 
lished by the AEC at 50 micrograms per cubic meter 
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of air. This concentration is roughly equivalent to | 
Ib of dust dispersed in 675 million cubic feet of air. 
When the plant was complete and in full operation, 
a complete dust study: was made. Results indicated 
that the operators exposure was between 20 pct and 
80 pct of tolerance. 

There are two morals to this story. First, it was 
proved possible, by means of careful dust control de- 
sign and intelligent process engineering with the dust 
problem constantly in mind, to design dust control 
to “specifications.” Secondly, it was prove: possible 
to achieve such a low dust concentration in an eco- 
nomical way. Such concentrations had been achieved 
before, but only by resorting to full-remote control 
operations, with the workmen separated from the 
operations by solid walls, known as “canyons” in AEC 
parlance. Canyon design is effective but very ex- 
pensive to build, operate, and maintain. On the 
other hand, less-than-adequate dust control would 
have required expensive revision after the plant was 
in operation, and might have meant harmful expo- 
sures to workmen meanwhile. 

One significant part of this trend is that industrial 
hygiene engineers and safety engineers must become 
more familiar with, and more competent in, the ac- 
tual design engineering phases of their art. They 
must be able to explain to the design man the various 
ways in which the desired end can be accomplished, 
and in a quantitative way, including the cost consid- 
erations. Only by indicating to the plant engineer 
some degree of knowledge and competence in the 
things familiar to the plant engineer, will respect be 
engendered concerning things he is not familiar with 

-in this case, engineering correction of dust and 
fume problems. No longer will it suffice for the safety 
engineer or the industrial hygiene engineer to make 
a study of a dust problem, and say “This is a hazard, 
please fix it.” He must also be prepared to help in 
the fixing. 


Equipment Trends 


The present picture also shows noteworthy ad- 
vances in the two categories of equipment of con- 
cern—that which produces dust, and that which con- 
trols dust. Dust producing equipment, such as grind- 
ing wheels, mixers, conveying systems, packaging sys- 
tems, pulverizers, textile machinery, etc. are now 
being offered in designs which largely eliminate the 
dust generation, or at least provide built-in dust col- 
lection hoods and sometimes built-in dust collectors. 
The manufacturers of such equipment have no doubt 
found that they are not merely contributing to the 
well-being of their fellow man, but that they also 
have a good selling point and a sales advantage over 
equipment not so designed. One grinding wheel man- 
ufacturer has even gone so far as to provide built-in 
filters for the removal of the grinding wheel dust 
from the exhaust air. True, these filters are of the 
stationary, non-cleaning type and require frequent 
changing—but that problem is a challenge to the 
makers of dust collection equipment, and the grind- 
ing wheel manufacturer certainly has the right idea. 
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Modern, high-speed machinery has tended to in- 
tensify and concentrate dust sources, requiring the 
installation of more, and better, dust control equip- 
ment. Emphasis on. quality control in the industrial 
plant has also created a stronger need for cleanliness 
and dust control. 

Dust collection equipment has seen some note- 
worthy advances during the last ten years. All types 
have seen improvement, of course, but there have 
also been some really new types developed. In wet 
scrubbers there is a new extension of types of duty 
and higher efficiencies than had been achieved pre- 
viously by wet methods. The fog filter is a similar 
advance using a different principle. In filters, the 
Hersey reverse-jet developments offer considerably 
higher flow rates at constant resistance with consider- 
able saving in space. 

The A. D. Little asbestos paper, a throw-away fil- 
ter developed during the war for the government, 
offers a very high efficiency and is suitable for very 
light “air filter” loads. The Millipore filter developed 
by Goetz for bacteriological work, is a challenging 
new tool for sampling and analytical work although 
not yet applied on a commercial air-filter scale. 

In mechanical collectors, such as cyclones, there 
have been numerous improvements in recent years 
but nothing that the writer would personally classify 
as really noteworthy advancement. In this connec- 
tion Kane has said (paraphrased) 

“Don’t expect collectors employing principles used 

for lower efficiency primary collection to be developed 
that will give efficiencies equal to those of more ex- 
pensive high efficiency units. * * * The history of 
new designs of collectors using, for example, centri- 
fugal forces in a dry unit are one of many expensive 
misapplications based on the hopes * * and the ex- 
pectation * * * that by some twist of a piece of 
sheet metal fine dust particles will forsake the laws 
of aerodynamic behavior.” 
The composite picture of the various facets of the 
present situation, then, is extremely good. We see 
considerable improvements over past mistakes, and 
the trends in all categories seem to be in the right 
direction. 


The Future 


The future I hestitate to predict except in extra- 
polation of trends seen at the present. I would ex- 
pect the art, science, and business of dust control to 
continually improve. Its improvement should be very 
rapid, for as a whole the writer feels it is somewhat 
behind many other aspects of our industrial economy. 
We must not forget, however, that it is industry that 
pays the bill, and unless industry prospers and grows 
in general, dust collection cannot. A possibility ex- 
ists that dust control and atmospheric pollution work, 
because it has health and social significance, might 
undergo some pump-priming in one form or another 
by the government during times of economic reces- 
sion. One could not say, however, that the art, 
science, and accomplishments in dust control will 
really advance unless industry as a whole advances. 
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The future should see fewer departures from the 
scientific and economic facts than we have seen in 
the past. Some of these facts, especially with regard 
to air pollution, may be very broad in their implica- 
tions, difficult to get, and apply to industry as a whole 
rather than to any one plant. Many and difficult are 
the unsolved problems in air pollution—in fact, some 
of them are not even clearly defined. For example, 
those who work in downtown locations have prob- 
ably wondered, on occasion, just how much of the 
“pollution” blowing into their eyes and settling on 
their desks is due to stack emissions of industry, and 
just how much is due to abrasion of rubber tires, 
steel wheels on tracks, brake linings, trash burning, 
etc. This is but typical of the many ill-defined prob- 
lems we face. If all industrial stacks were clean, 
would the problem be solved? Should we all work 
out in the country and suffer the isolation and trans- 
portation difficulties? Must we provide a filtered air 
supply for every space we want to keep reasonably 
clean? Should we do nothing, and suffer the conse- 
quences? If we do nothing, how serious are these 
consequences likely to be? 


Importance of Dust Control 

Design data will become more refined, more com- 
plete, and will reflect a more proper balance between 
empirical data and theoretical fundamentals, As the 
importance of dust control in our economy grows, 
more and more high grade practitioners may be ex- 
pected to enter the field, thereby further improving 
our lot. More widespread education of all engineers 
is to be anticipated, until the day arrives, we hope, 
where the plant engineer handles a dust collection 
problem in as easy and familiar a way as he now 
does a piping or electrical installation. Management 
will, we hope, demand that maintenance of dust con- 
trol equipment be given the same attention now 
given to production machinery. Dust control will be- 
come more and more a portion of plant layout and 
design, just as is lighting and general ventilation fre- 
quently at present. 

In the equipment categories, we may expect more 
and more “dust producing equipment” to be furn- 
ished with built-in dust control of one form or an- 
other. Dust collection equipment still has a number 
of interesting challenges to meet— the problems of 
efficiency, high temperatures, cost, space, and con- 
venience. Dust collection, usually not an integral part 
of a process, must be regarded as an overhead item 
and therefore provision of dust collection equipment 
ought to be as easy as hanging a new light fixture. 

The overall result and goal, let us resolve, shall be 
a significant contribution to the well being of in- 
dustry and those who work therein and live nearby. 


DISCUSSION 


A. G. GRANATH (Written Discussion):* There is little doubt 
that a definite trend by States and Local Communities to clean 
up health hazards in and out of foundries has been under way 
for some time. Most foundrymen although they realize this are 
somewhat at a loss as to what to do and how far to go; therefore 
would like to have answers to three basic questions: First, how 
far will this trend go in their particular community; Second, to 
what extent will local and state regulations be enforced and 
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how will it affect them, and Third what can they do now to 
help themselves. 

It is hardly necessary to comment on the first question as most 
of us know to what extent some communities have gone to in 
the formulation of regulations governing health hazards. What 
has happened in these communities could very well happen in 
your own. More stringent regulations are almost certain to come 
if they have not arrived already, but as to the extent of these 
regulations time alone will answer. 

Likewise most of us have an idea, although we hate to admit 
it, as to the answer to the second question. More and more 
frequently do we hear of foundries that are in trouble either 
because of health hazards in the foundry or smoke and dust 
emissions from the foundry. A number of foundries have been 
quite fortunate for some time due to the location of their plant 
with respect to the community or possibly a friendly employee 
relationship. How long these conditions can exist is hard to say. 
We do know that many foundries that were located on the out- 
skirts of a city or town a few years ago are now surrounded by 
homes or other business establishments, each of which becomes 
a source of possible complaint. By the same token many found- 
ries that have a friendly employee relationship today may be in 
trouble tomorrow as the labor situation changes. 

The answer to the third question—“What can foundries do 
now to help themselves’”—will vary, depending primarily on 
plant location with reference to the community and the degree 
of enforcement required of prevailing regulations. Basically I be- 
lieve all will agree that the first place to start is inside the 
foundry. Many foundries today could greatly improve health 
hazards prevailing in their plants, and by so doing would re- 
move the pressure of enforcement on neighbor foundries that 
have made attempts to help themselves. It has been the practice 
for years—and still is in the majority of foundries to ventilate 
by means of stack fans in the roof. This is not a desirable 
condition as the contaminates are permitted to spread freely 
throughout the plant before being removed while the objection- 
able fines that constitute the greatest health hazards are per- 
mitted to settle out in the foundry like in a large settling cham- 
ber, and deposit on the floor or roof beams where they can be 
stirred up again with little provocation, The correct way to ex- 





1 Vice President, National Engineering Co., Chicago. 





TRENDS IN Dust CONTROL 


haust is to catch the contaminates at the source before they have 
the opportunity to spread. 

Other plants have mechanized, some to a small extent and 
some to a larger extent. They have done this because they can 
effect a calculated savings on their investment, and at the same 
time obtain the benefits of concentrating the dusty operations in 
a manner that will permit exhausting at the source of the dust 
concentration. Exhaust equipment to some is considered to be 
of secondary importance as they believe an investment for this 
type of equipment will give them little or no return. This, 
of course is not true as there are many intangible savings that 
can be affected such as better working conditions, better neigh- 
bor and employee relationship, and insurance against health 
hazards. Some install fans or simple cyclones to clean up inside 
the foundry with good intentions of installing proper exhaust 
equipment later on the savings affected by the mechanized 
equipment. This line of reasoning, while not strictly ethical in 
some states and communities is to be commended above a do- 
nothing-at-all attitude. There is no question that exhausters 
and simple cyclones are equally efficient as the more expensive 
high efficiency type collectors for cleaning up the contaminates 
inside the foundry. The main difference lies in the condition of 
the air as discharged to the atmosphere. High efficiency type 
collectors discharge relatively clean air while the exhausters and 
simple cyclones discharge air that is contaminated to the extent 
that many state and local regulations do not permit their use. 

Stack fans are an inexpensive means of cleaning up a foundry, 
but they should be used with caution and confined to the 
exhaust of smoke and fumes only, preferably at the source. They 
should not be used for handling air with a high concentration 
of silica fines. 

The A.F.S. sub-committee on ventilation inside of foundries 
realizes the need of a simple practical manual that will assist 
foundries to first identify which contaminates constitute a health 
hazard and then catch these contaminates at the source. Consid- 
erable work has been accomplished along these lines and it is 
the hope of the committee that soon a manual of good practice 
can be published, confined to foundries only, that will give 
simple definite recommendations as to the volume of air required 
for various conditions, hood construction, etc., and all data 
necessary to design and maintain a complete exhaust system. 

















PROGRESS MADE IN FLUIDITY TESTING OF MOLTEN METALS 


DURING THE LAST TEN YEARS 


A. I. Krynitsky * 


Introduction 


Fluidity testing of foundry alloys was ably discussed 
by Clark? in his official 1946 exchange paper from the 
American Foundrymen’s Society in the Institute of 
British Foundrymen, The purpose of the present 
discussion is to review the progress made in fluidity 
testing during the last decade. 

It is well known that the term “fluidity”, as applied 
to the ability of the molten metal to fill a mold cav- 
ity, is a misnomer. The “fluidity” which is the con- 
verse of viscosity, is a fundamental property of liquid, 
whereas the quality of a molten metal to fill a mold 
depends upon a number of factors of which its fluid- 
ity is only one. For this reason different authors 
coined their own terms for this property of the molt- 
en metals. The term “coulabilité,” originated by Por- 
tevin? has been adopted by French workers. The 
terms “running quality”, “running capacity’, “run- 
ability’, “castability’’, “flowability”, “flowing power” 
were used by American and English authors. Many 
writers, however, continue to use the old term “‘fluid- 
ity” and it seems to be the most common in foundry 
terminology. It is understood that this “fluidity” is 
not the fundamental property of the molten metal 
but is simply a foundry term which will be used 
throughout this paper in broad sense. 

When liquid metal is poured into a mold, it flows 
through the more or less intricate design of the mold 
cavity as a result of its hydrostatic head pressure. A 
number of factors combine to oppose this flow. The 
following main factors were listed by Portevin?: 

1. Factors related to the shape of the test piece; 

2. Those related to the mold; 

3. Those depending on pouring; and 

t. Factors depending on the metal. 

For pure metals the effect of these factors on fluidity 
was expressed by Portevin and Bastien‘ as follows: 
Cd (T—F) Ld 
| = 6¢—_— +p =—— 
F—t F—t 


where / is the length of the casting (spiral) 





* Retired, National Bureau of Standards, Washington, D. C. 
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a and g — Factors depending on the nature of the 
mold and on the viscosity of the metal 

d is the density of the metal. 

C—Specific heat of the liquid metal. 

T—Casting temperature. 

i—Temperature of the mold. 

i—Latent heat of solidification of the metal. 

F—Temperature of solidification of the metal. 

Portevin and Bastien* established that fluidity var- 
ies inversely with the solidification range and depends 
on the crystal form of solidification, e.g., it is greater 
when the liquid forms crystals with convex faces than 
it it forms dendrites. 

The nature of the mold and the technique of cast- 
ing are of great importance, but as Evans® states, the 
effects of these factors on the fluidity of the metal can 
be neglected if a sufficient degree of standardization 
of technique is adopted. The physical properties of 
the metal which are concerned are placed by Evans 
in the following order of importance: 1. Surface ten- 
sion; 2. Solidification temperature; 3. Viscosity; 4. 
Specific heat; 5. Solidification range and form of crys- 
tallization; 6. Thermal conductivity. These proper- 
ties all depend entirely upon composition and temp- 
erature. 

In Ruff's comprehensive paper® on fluidity of liq- 
uid malleable iron and steel, different fundamental 
physical factors which may effect the flow of the liq- 
uid metal were considered. The discharge velocity of 
the flowing metal, drop in velocity in relation to the 
length of run and diameter of flow, turbulence phen- 
omena, and resistance to flow index in relation to the 
Reynolds’ number were discussed at length. It may 
be noted that according to Reynolds®, all flow phe- 
nomena under dynamically similar conditions are 
characterized by the fact that the product of the vel- 
ocity and the diameter of the flow channel divided 
by the kinematic viscosity always gives a constant. 
The resistant to flow in a mold, Ruff remarks, in- 
creases rapidly with the velocity of flow, with the di- 
ameter, and with the Reynolds’ number. 

Although considerations above are of a great theor- 
etical importance, it is doubtful that mathematical 
analysis can solve this practical problem. The writer 
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is in complete agreement with Clark! that, at least 
for the present, the only convenient method of evalu- 
ating fluidity is an-empirical one. 

It is to be remembered, of course, that carefully 
standardized test conditions must be established and 
maintained throughout all tests and that values ob- 
tained are only relative. 

Many practical methods for measuring fluidity of 
molten metals were advanced by different investiga- 
tors. It appears that the most commonly used meth- 
ods are as follows: 

1. Spiral; 2. Straight rod type and 3. “U” fluidity 
test pieces. 


Spiral Types of Fluidity Test Piece and Their Modifications 
The Saito and Hayashi* idea of using a spiral piece 

for measuring fluidity of molten metals is still con- 

sidered by many investigators as a sound idea. 

It is difficult to ascertain which type of spiral fluid- 
ity test piece is now most commonly used in foundry 
practice. It appears however, that during the last 
decade the following three spiral test methods were 
most used by the various investigators: 1. The Bur- 
eau of Standards‘; 2. Taylor, Rominski and Briggs® 
and 3. Eastwood and Kempf.!° 

None of these methods were used in their original 
form, Every investigator found that some modifica- 
tion of the method chosen by him had to be made in 
order to secure more constant results. 
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Fig. 1—Drawing of modified fluidity test pattern (Lange, 
Porter and Rosenthal??./? ), 
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SECTION A-A 


Fig. 2—Fluidity spiral test used to investigate effect of 

moisture in blast on metal fluidity. Dimensions of spiral 

are similar to those of Bureau of Standards spiral (Krause 
and Lownie’+ ). 


Modifications of the Bureau of Standards fluidity 
test mold—Porter and Rosenthal in their preliminary 
fluidity tests of cast iron employed the Bureau of 
Standards testing design. The observed, however, that 
the spiral lengths varied from 29 to 35 in., a deviation 
from the mean being 9.4 per cent. They also observ- 
ed that is was difficult to maintain a steady flow of 
metal and a constant metal head. Therefore they 
decided to change the gating system and employed 
the design developed by E. A. Lange, L. F. Porter and 
P. C. Rosenthal,'!-!? shown in Fig. 1. The changes 
made in the original pattern consisted of substituting 
a well and orifice core for the horn gate, and provid- 
ing a means of maintaining a constant level of metal 
head through use of an overflow basin. The metal 
entered the fluidity channel at its inner end. 

The cross-section dimensions of this spiral were the 
same as those of the Bureau of Standards spiral. The 
results obtained with this design were found to be 
more consistent, a mean deviation being approxi- 
mately 2 per cent. Standard melting procedure con- 
sisted of melting a constant weight of the base metal 
scrap in an induction furnace. Temperatures were 
measured by a Pt/Pt, Rh(10%) thermocouple in a 
silica protection tube immersed 21% in. into the melt. 
When the temperature was stabilized at the desired 
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Fig. 3—B.C.I.R.A. laboratory type fluidity test piece 
ready for pouring (Evans*.). 


pouring temperature, the couple was removed, the 
power turned off, and the fluidity mold poured as 
quickly as possible. The above modification is essent- 
ially Curry’s method". 

In the Krause and Lownie!‘ modification of the 
Bureau of Standards fluidity test mold (Fig. 2) no 
horn gate was used, The pouring basin and over- 
flow were also different. Metal flowed from the pour- 
ing basin into a straight downgate located at the 
outer end of the spiral channel. Pouring tempera- 
tures were measured with a Pt/Pt Rh thermocouple. 
No details are given regarding the place of the temp- 
erature measurement. It may be inferred that the 
temperature was measured in the ladle just before 
pouring fluidity mold. 

Another modification of the Bureau of Standards 
design was reported by Evans® in his work on fluid- 
ity of molten cast iron. The horn gate was omitted 
and replaced by a cylindrical down gate leading di- 
rectly into the spiral channel. An overflow basin was 
added. The raised reference marks of the spiral it- 
self were also omitted because it was thought that 
they created or aggravated undue turbulence in the 
stream of metal. Pouring temperatures were meas- 
ured in the ladle immediately before casting each test 
piece by means of a Pt/Pt. Rh (13%) thermocouple. 
In the B.C.I.R.A. laboratory type test piece (Fig. 3) 
a core sand pouring head was designed with a circu- 
lar channel containing three downgates. In the center 
of the pouring head was a receiving basin from which 
three radial channels led to the down gates. 

Three fluidity test molds were arranged with the 
core sand pouring head positioned so that each down 
gate was directly over the deepest part of the pour- 
ing basin of each fluidity mold. A core sand bush 
(reservoir) was then placed over the center of the 
pouring head supported by two steel strips. About 30 
lb of molten iron were poured as rapidly as possible 
into the central bush. The bush could be removed 
by means of the steel strips and placed over another 
set of molds. The advantages of this type of test 
piece, Evans stated, were that three spirals could be 
cast simultaneously from a ladle of metal and an aver- 
age length could be determined, and that the rate at 
which the metal entered the mold could be control- 
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led. The only precaution taken was to pour rapidly 
enough to keep the three down gates full. 

For measurement purposes the end of a spiral was 
taken as the last point where the cross-section of the 
channel was completely filled with metal, but a note 
was also made of the total length taken to the tip 
of the spiral. In routine foundry practice a single 
spiral fluidity test mold was used and the pouring 
head core was redesigned. The single pouring head 
core consisted of a receiving basin and down gate. A 
standard testing procedure adopted consisted of meas- 
uring the pouring temperature, the length of spiral 
casting produced and the liquidus and solidus temp- 
eratures. It seems to the writer that one may expect 
a considerable drop in the pouring temperature of 
the metal due to its long travel before entering the 
fluidity channel, This drop in temperature may cause 
some errors in the observations. 


Modifications of Taylor, Rominski and Briggs Fluidity 
Test Mold 


A modification of Taylor, Rominski and Briggs 
spiral test design was used by Lillieqvist!® in his fluid- 
ity tests of molten steel. After considerable investi- 
gation of various types of fluidity tests, it was con- 
cluded, that the double spiral test was the best for 
the purpose of his studies at the American Steel 
Foundries. His rough fluidity casting weighing about 
90 Ib is shown in Fig. 4. According to the author, 
consistent results were obtained when this type of 
test mold was used both with shank pouring and bot- 
tom poured ladles. With the bottom poured ladle 
the size of the well was increased. 

It is very probable that the consistency of results 
obtained by Lillieqvist was mainly due to the preci- 
sion of the temperature measurement employed by 
him and described below. 

In discussing Lillieqvist’s paper Jacoby!® demon- 
strated his modification of the Taylor, Rominski, and 
Briggs fluidity mold. He stated that the relatively 
large amount of metal involved in pouring the stand- 
ard spiral with pouring basin prompted his redesign 
of the spiral core mold so as to eliminate the pouring 
basin. Since adoption of the simplified spiral mold 
introduced the possibility of error due to speed and 
height of pour Jacoby’s standard practice constituted 





Fig. 4—Rough spiral casting (steel) weighing about 90 Ib 
(Lillieqvist'* ). 
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Fig. 5—The final modification of fluidity test casting used 
by Worthington’’. 


pouring three molds in succession (three separate 
dips in the bath). Results obtained indicated a max- 
imum variation of 8.5 per cent with the average at 
5 per cent, 

The writer doubts that the elimination of the pour- 
ing basin in the fluidity mold was a good practice. 
He agrees with Clark! that the kinetic energy of the 
metal being poured is largely dissipated in the pour- 
ing basin before it flows into the sprue. Therefore, 
the elimination of the pouring basin may introduce 
additional errors in the fluidity tests. 

The Taylor, Rominski and Briggs design was 
adopted by Worthington‘? for his fluidity test of steel. 
Worthington believed that the most probable cause 
of inconsistencies observed was due to the fact that 
no provision was made to standardize the speed of 
entry of the metal into the mold. In order to control 
this speed he introduced a constant speed pouring 
ladle, which was mounted on a carriage and could be 
tilted mechanically at a permanent rate. The pat- 
tern of the spiral was slightly modified in order to 
simplify the pouring of the mold. The final modifi- 
cation is shown in Fig. 5. The pouring basin was 
positioned so that it was located parallel to the side 
of the flask near to the ladle. This revised orienta- 
tion considerably simplified the pouring of the molds. 
The temperature was measured in the ladle just be- 
fore pouring. All temperature readings were taken 
by means of a Pt/Pt, Rh (13%) thermocouple. 


Modification of Eastwood and Kempf Fluidity Test Mold 


Sicha and Boehm! in their fluidity measurements 
on aluminum alloys, used a test casting pattern in the 
form of a ribbon 1/16 in. thick by 134 in. wide with 
an arbitrary selected spiral shape (Fig. 6) mounted 
on the drag face of a wooden match plate. Green 
sand was used in molding and a 34 in. diameter sprue 
cut through the cope, was located so as to open into 
the spiral cavity at about its mid-point. Two 3 in. 
diameter vents were located at each end of the spiral. 
The pouring basin was made as a core and positioned 
over the sprue. In order to insure more uniform con- 
ditions of flow into the spiral arms, a 34 x 7% in. deep 
well was provided in the drag side and directly under 
the sprue (Fig. 7). The authors found that addition 
of the well at the base of the sprue was effective in 
improving the consistency of fluidity data. 


FLuipiry TESTING OF MOLTEN METALS 


The volume of the two spiral ribbon sections was 
taken as a measure of fluidity. It may be seen that 
the ends of the castings were of an irregular shape. 
The authors found that even when using a pouring 
basin core on top of the mold too many variations 
were observed. The direction from which metal en- 
tered the pouring basin, the exact location at which 
the stream of metal encountered the pouring basin, 
and the rate of pouring influenced test results. To 
minimize the effect of these factors they adopted the 
practice of inserting a piece of aluminum foil over 
the sprue opening on top of the mold and under the 
pouring basin core. This foil served as a temporary 
dam which was found to be effective in reducing the 
influence of variations in pouring technique. The 
melt was skimmed with a preheated skimmer prior 
to the last step in temperature adjustment. 

Temperature was measured by a beaded chromel- 
alumel thermocouple mounted in a small diameter 
protection tube. Two thermocouples were employed. 
One was placed in the center of the melt and the 
other against the side of the crucible. Manipulation 
was found necessary to bring the alloy exactly to the 
pouring temperature at the moment when the cruc- 
ible and furnace were at practically the same temper- 
ature. A crucible with a capacity of about 20 Ib of 
aluminum alloy was found to be suitable because it 
could be handled by one man for pouring. Melts 
prepared in this manner, the authors state, could be 
poured promptly into several fluidity spiral molds in 
succession with assurance that the temperature drop 
during the entire operation would be negligible. 

The authors stated that variation in weights of 
individual spirals poured from a single melt was usu- 
ally less than 15 grams. Since the average weight of 
an individual spiral was about 60 grams, the writer 
believes that 15 grams is a fairly large variation. In 
the writer’s opinion some of the errors of observations 
may be due to the temperature measurement tech- 
nique employed by the authors. 





Fig. 6—Flat spiral casting of original design for deter- 
mining fluidity of aluminum casting alloys (Sicha and 
Boehm’ ). 
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No matter how fast the metal is poured into several 
fluidity molds in succession, there is a temperature 
drop. 

It is true that with metals, such as aluminum al- 
loys, possessing high specific heat value, the temper- 
ature drop in such a case should be much smaller as 
compared with some other metals. 

Nevertheless there must be some differences -in the 
temperatures of the metal entering different spiral 
test molds. 


Other Methods Used for Measuring Fluidity of Molten 
Metals 


In his “new method of testing the running capacity 
of very small quantities of metals” Ruff® used a 
straight flow channel of 5 mm diameter and 720 mm 
(24 in.) long. 

The writer agrees with Worthington’ that the un- 
desirable features of the straight-flow channel are 
the length of the mold required, and the necessity 
for extreme accuracy in leveling the mold. The cross- 
sectional area of the straight-flow channel has neces- 
sarily been restricted in order to keep the mold length 
within convenient dimensions. 

The “U” type test piece was recommended for a 
control test by the Institute of British Foundrymen”’, 
In this test a permanent mold, Fig. 8, was used. It 
was stated that one of the principal reasons for rec- 
ommending the “U” type test piece was that many 
of the variable factors such as molding technique, 
sound condition and running arrangements are over- 
come by the adoption of a chill mold. The iron mold 
was constructed in two parts which could be hinged 
at one end and clamped at the other for accurate and 
speedy opening and closure. 

The test was conducted by pouring the metal into 
the runner box until it runs level in the riser and 
then measure the length in millimeters of the off- 
shoot or “fluidity limb”. It will be noted that three 
“fluidity limbs” of different diameters (2 mm, 4 mm 
and 6 mm) are provided in the mold in order to fa- 
cilitate the reading of results from irons, the char- 





Fig. 7—Flat spiral fluidity test casting of modified design 
inverted to show the well at base of sprue (Sicha and 
Boehm’® ). 
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Fig. 8—“U” type fluidity test piece’’. 


acteristics of which will vary with the type of cast- 
ing being produced. Thus, for metal suitable for 
light, thin sectioned castings the smallest would be 
used, while the medium or largest limbs would give 
more readable results with metal suitable for heavier 
work. The measured length of the fluidity limb in 
millimeters is termed the fluidity number which may 
be expressed, for example, “U” fluidity 12 mm, A, B 
or C” according to the limb used. 

In recommending the “U” shape the subcommittee 
of the technical council realized that conditions might 
arise which would make the use of the Ruff or spiral 
test desirable. The following quotation is probably 
of interest: “If the spiral test be chosen, then the 
subcommittee recommends the design which is run 
from the outside through horn gate runner and with- 
out risers”. The design recommended is the Bureau 
of Standards design. 

Sanders and Kain®® believed that both spiral and 
straight flow test pieces were small and primarily suit- 
able for laboratory work. Owing to their smallness, 
the authors stated, they were difficult to pour under 
conditions of commercial steel production. The ratio 
of mold surface area to mass was much higher than 
would be expected in the production of castings, and 
the effect of mold conditions, etc., was greatly magni- 
fied, Therefore the authors adopted in their fluidity 
test of molten steel a test-piece consisted of a mold 
cavity (6 in. sq, and 2 in. high) into which the metal 
was poured through a restricted ingate (114 in. diam 
and 2 in. long). The weight of steel entering the 
mold was used as a measure of fluidity. 

In order to produce normal mold conditions as 
closely as possible, the runner channel between the 
down gate and in-gate was made as long as possible 
and given three changes of direction. At first an or- 
dinary funnel-shaped down gate was used. This was 
found to produce variations of results. To overcome 
this variable a pouring basin was provided. The pour- 
ing basin was formed on the top of the mold by an 
oil-sand core. It was stated that consistently repro- 
ducible results might be obtained in narrow limits. 
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In the writer's opinion such type of a test may be 
entirely satisfactory for some foundries as a routine 
control of their melts, but it can hardly be recom- 
mended for the determination of the fluidity—temp- 
erature relation, The long distance run between the 
down gate and in-gate suggests a considerable drop 
in the pouring temperature of the molten metal. One 
may also debate the author’s remark that with the 
spiral the effect of mold conditions is greatly magni- 
fied because the ratio of mold surface area to mass 
is much higher than may be expected in the produc- 
tion of castings. This opinion is contrary to that of 
Eastwood and Kempf?® who, as it was already pointed 
out believed that the ratio of the perimeter of the 
round cross-section to the cross-sectional area was too 
small. According to them this type of test piece mini- 
mized the surface tension factor which was of a par- 
ticular importance when dealing with thin castings. 

Guillemont?! used the fluidity test piece of a snake- 
like form. The trapezoidal channel of this mold was 
848 mm (33.1 in.) long. Cross-sectional dimensions of 
his test-piece were: 5 mm at bottom, 8 mm at top and 
10 mm in height, the cross-sectional area being ap- 
proximately 1/12 sq in. The mold was made of sand 
and provided with a pouring basin, vertical down 
gate and well from which the metal entered the fluid- 
ity channel. This well was also connected with an 
adjacent reservoir. In order to avoid the difficulties 
of exact measurement of pouring temperature which 
is the most critical factor in fluidity tests Guillemot 
advanced the method for determining the relative 
and not absolute fluidity. Essentially this method was 
the method of comparison. ‘Iwo fluidity test pieces 
were cast simultaneously into the same mold from a 
special divided two compartment crucible with two 
pouring lips. One test piece was cast of a standard 
metal, while the other one was the metal undergoing 
test. The lengths of these two castings were then 
compared, 

The standard metals selected were as follows: 

Pure magnesium—standard for extra light alloys. 

Aluminum 99.99°%—standard for light alloys. 

Electrolytic copper—standard for copper alloys. 

Armco iron—standard for ordinary and _ special 
steels. 

For example, the following procedure was followed 
for the determination of the relative fluidity of the 
A-S4G aluminum alloy (Cu, 0.10; Mn, 0.60; Mg, 0.55; 
Fe, 0.33; Si, 4.26%). One compartment of the divid- 
ed crucible was filled with molten pure aluminum 
(standard metal) while the other half of the crucible 
was filled with molten A-S4G aluminum alloy. The 
pouring temperature, in both compartments, as meas- 
ured by a chromel-alumel thermocouple, was 1328 F 
(720 C). Then two molds, each containing two fluid- 
ity test pieces were poured. The results reported were 
as follows: 

Mold No. 1—Pure aluminum (standard) 

Rpg OE O00t MECCE .w ccc cess cece 68.7 cm 

Mold No. 1—A-S4G aluminum alloy 60.8 cm 


Mold No. 2—Pure aluminum (standard) 68.0 cm 
Mold No. 2—A-S4G aluminum alloy .. 56.6 cm 
The same method was used by the author for cast- 
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ing fluidity spirals (two spirals in one mold) in perm- 
anent molds. 

It is not entirely clear to the writer as to how the 
same pouring temperature, particularly with the cop- 
per and ferrous alloys, could be maintained in both 
compartments of the crucible. This procedure is 
probably satisfactory for aluminum alloys, whose 
specific heat value is high, but it is doubtful whether 
it can be adequate for the copper and some ferrous 
alloys. Here, again, we have a method which may 
satisfy the local needs but can hardly be recom- 
mended for the study of fluidity-temperature rela- 
tions or adopted as a standard foundry test. 

In order to determine fluidity of cupola iron and 
to see what correlation could be obtained between 
fluidity, metal temperature, and type of fuel used, a 
test was devised by Wright and Reagan? which sim- 
ulated the casting of metal in permanent mold units. 
The permanent test mold used was designed by Adam 
Mahonske. The mold was about 12 in. high and 
bottom run from a % X Y-in. section runner. It 
consisted of five vertical zig-zag channels 15 in. long, 
connected in series with a feeder gate and a riser. 
The cross-section of the fluidity channel is trapezoidal 
in shape (14 in. at bottom %¢% in. at top, \% in. 
high). The cross-sectional areas was about 4, sq in. 
The mold was maintained at relatively uniform 
temperature, after preheating with hot metal, by 
pouring tests at fixed (15-min.) intervals. The mold 
was brushed and smoked after each test. The authors 
found that over the range of fuels and conditions 
studied, fluidity did not vary greatly except as a func- 
tion of temperature. 


Taylor Fluidity Measurement Test 

A rapid test for fluidity measurement was devel- 
oped by G. B. Taylor** to eliminate the time lag in 
obtaining a reading. His fluidity mold consisted of 
two oil sand cores. The lower half contained a spiral 
and the upper half the pouring basin and strainer 
core. The pouring basin was divided into two parts; 
the side part, reservoir, and the central part, outlet 
(wide down gate). Metal was poured into the reser- 
voir but not directly into the outlet. The strainer 
core was set well below the top of the outlet to allow 
for a reasonably constant ferrostatic head above the 
strainer. The metal flowed from the well beneath 
the strainer core to a runner bar (modified spiral) 
concentric with the outside wall of the core and at 
regular intervals branches were made to radiate from 
the ring to the outside of the core. These branches 
provided the means of determining, without strip- 
ping the core how far the metal had run in the con- 
centric ring, since it could flow out of each hole in 
turn as it traveled around the ring. There were ten 
outlet holes 14 in. wide, about 214 in. apart. It 
seems to the writer that this rapid method may satisfy 
the local requirements but cannot be considered as a 
fluidity test method. 

A rather complex apparatus for determination of 
the fluidity and rate flow of the molten metal was 
proposed by Kunin.*4 This apparatus permitted si- 
multaneous determination of the length of time for 
filling the mold and the rate of flow of the molten 
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metal. The fluidity test piece consisted of a straight 
round rod. It was poured through a gate into the 
fluidity channel. Along this channel graphite discs 
were placed vertically and at equal distances. The 
discs had a central hole of the same diameter as that 
of the channel and they were placed in such a man- 
ner that the center of the hole was located on the 
central axis of the channel. Therefore, there was 
continuous flow without any interference. Each of 
the discs was connected by means of wires with an 
individual electric bulb. These bulbs were known 
as fixing bulbs. They were connected in parallel. 

A graphite or metal rod was placed in the middle 
of the pouring gate. This rod as well as the fixing 
electrical bulbs were connected to a common electri- 
cal circuit. There was also one electric bulb-speed 
recorder, one pole of which was connected to the 
common electrical circuit while its other pole was 
attached to an automatic breaking mechanism which 
closed the electrical circuit every 0.5 sec. The fixing 
and speed recording electric bulbs were mounted on 
a special frame in such a manner that, when lighted, 
their light was directed by means of a lens and dia- 
phragm into a photographic camera. Inside the pho- 
tographic camera there was a moving carriage on 
which a photographic film holder was mounted. 

At the instant when the metal was poured into the 
mold the photographic film was set into motion. As 
molten metal traveled along the channel and passed 
through the graphite discs it closed the electrical 
circuit of each of the fixing electric bulbs. Thus, 
the flow of metal was recorded by each fixing bulb 
on the moving photographic film as a continuous 
narrow band. The length of the bands gradually de- 
creased, the longest band being obtained for the disc 
nearest to the pouring gate. On the same photo- 
graphic film, the time of flow was recorded by a 
speed recording device (speed-recorder bulb and auto- 
matic break) as a broken band which was used as 
the time-scale. Knowing the distance between the 
graphite discs and the time of travel of molten metal 
through the channel one could determine the rate 
of flow and the fluidity of the molten metal. In the 
writer's opinion, the idea is interesting and the ap- 
paratus is probably useful in laboratory work but 
is not practical for foundry tests. 


Fluidity Mold Characteristics 


Shape of Cross-Section and Cross-Sectional Area of 
Test Piece—The cross-section of the Bureau of Stand- 
ards spiral has a rounded trapezoidal shape with an 
area of approximately 4. sq in. It is considered 
from the molding point of view that the rounded 
trapezoidal shape is more satisfactory than a circular 
section, because there is less danger of mismatches as 
compared with a round section. ° 

The Taylor, Rominski, and Briggs’ spiral also has 
a rounded trapezoidal shape but a larger cross-sec- 
tional area, 1~ sq in. 

According to Eastwood and Kempf!® the relation- 
ship of surface area to volume of the fluidity test 
piece is an important factor. The spiral, they used 
in their preliminary tests, had a cross-sectional diam- 
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eter of 3% in. and cross-sectional area of about \% sq 
in. Since the cross-section of their spiral was round, 
the ratio of the perimeter of the cross-section to the 
cross-sectional area is a minimum. Eastwood and 
Kempf stated that such a test casting gave the op- 
posite of the conditions most desired because it min- 
imized the surface tension factor that must play a 
considerable role when the foundryman pours Cast- 
ings having thin sections. 

Therefore they redesigned the test spiral used in 
their preliminary work to produce a flat spiral hav- 
ing cross-sectional dimensions of 134 in. wide by \¢ 
in. thick. This flat spiral also had a cross-sectional 
area of about 0.11 sq in. (about 4% sq in.) but the 
surface area per unit of length was slightly more 
than three times greater than that in the spiral pre- 
viously used. They found that two kinds of spirals 
(round and flat) produced quite different results 
with aluminum alloys, those obtained with flat spiral 
more nearly agreeing with foundry experience. The 
authors realized that when using the flat spiral it 
was necessary to take a reasonable amount of care 
to insure that the thickness of the spiral was the 
same in each mold. But, according to them, this was 
done with very little difficulty. The volume of the 
metal which flowed into the flat mold cavity was 
taken as a measure of the fluidity, and alloys hav- 
ing different densities could be compared. 

General indications are that the cross-sectional area 
of 144 to 14 sq in. of the spiral fluidity test piece is 
still most commonly used and most practical in the 
foundry practice. 

Gating 

From the preceding discussion it may be inferred 
that the different modifications of the three basic 
fluidity test methods concerned mostly the gating 
system of the mold. In general, the gating system of 
a fluidity test piece should be designed so that the 
metal enters the mold with a minimum of turbulence 
and a constant hydrostatic pressure maintained on 
it during the running of the mold. 

The influence exerted by hydrostatic pressure in 
the casting of spirals was first examined by Saito and 
Hayashi? who observed an increase in the lengths of 
their spirals as the pressure increased. In discussing 
the results obtained with the Bureau of Standards 
spiral when using different gating systems, Ruff® re- 
ferred to the Widin and Girschowitsch®® observations 
on the effect of ferrostatic pressure on the length of 
white iron spiral castings. These authors observed 
that the length of the metal flow increased with the 
increase in pressure up to certain limiting values, 
beyond which there was a considerable decrease in 
length of spirals. It is of interest to note that Ruff’s 
observation on the effect of ferrostatic pressure on 
the length of the fluidity spirals was of the same 
order. 

The hydrostatic pressure and velocity of metal flow 
into the mold cavity have always been a great con- 
cern in fluidity testing. 

In attempts to control the hydrostatic pressure of 
the molten metal entering the fluidity channel, the 
writer in his early experiments, adopted the device 
developed by Saito and Hayashi.* It consisted of a 
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core pouring basin mounted over the down gate of 
the mold. A graphite or sand core rod plug was in- 
serted in the discharge outlet of the pouring basin 
into the down gate. During the test, the molten 
metal was poured into the basin, the temperature 
was measured with a thermocouple in the crucible at 
time of pouring each mold, the rod plug was lifted 
and the metal was allowed to flow into the mold. 

Two principal difficulties were experienced with 
this device: (1) the rod plug had a tendency to float 
during the pouring of the metal into the basin so 
that it was necessary to hold it tight in its place. 
(2) It was difficult to prevent some leakage of the 
molten metal between the plug and its seat before 
allowing the metal to flow into the mold. There- 
fore this idea was finally abandoned. 

It has been already mentioned that Sicha and 
Boehm!® in their efforts to eliminate the effect of 
rate of pouring inserted a piece of aluminum foil 
over the sprue opening on top of the mold and under 
the pouring basin core. This foil served as a tem- 
porary dam which was found by the authors to be 
effective in reducing the influence of variations in 
pouring technique. This idea is similar to that of 
Courty!?® who measured the fluidity of aluminum 
alloys in a test mold having the sprue stoppered by 
means of two fusible plugs. The time of melting of 
the plugs was regulated by their thickness. 

The Sicha and Boehm’s method as well as the de- 
vice used by Courty may serve their purpose in the 
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Fig. 9—Fluidity apparatus (Kondic and Kozlowski*’ ). 
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Fig. 10—Cross-section of fluidity mold (Kondic and 
Kozlowski*’ ). 


case of aluminum alloys but in the case of copper and 
ferrous alloys one may construct similar thin copper 
or iron plugs covering the sprue opening under the 
pouring basin for the fluidity measurement of the 
copper or ferrous alloys. 

Another clever device developed with the same 
purpose in mind is the Kondic and Kozlowski’s** 
fluidity apparatus illustrated in Figs. 9 and 10. In 
their experiments the melting was carried out in a 
resistance-wound electric furnace, the crucible being 
directly connected with the fluidity mold which is 
situated beneath the furnace. The mold, also re- 
sistance heated was made of two halves, and provided 
a l4-in. diameter circular groove of Archimedes spi- 
ral. Cast iron or graphite molds were used. At a 
predetermined mold and metal temperature the mol- 
ten metal was poured into the mold by raising the 
plunger. Both, metal and mold temperature were 
controlled at + 2 F (1 C). 

Hydrostate pressure was varied by changing the 
height of metal in the crucible. The effect of hydro- 
static pressure and mold temperature on the fluidity 
values for aluminum were obtained. It was demon- 
strated that the hydrostatic pressure could be readily 
controlled to a sufficient degree to eliminate its effect 
on the fluidity values. There was a noticeable in- 
crease in the fluidity when the height of the molten 
metal in the crucible was raised from the 1-in. to the 
2-in. level. However a further increase in height (to 
3 and 4-in. levels) had little effect. 

It was also found that the mold temperatures be- 
low 572 F (300 C) were of no importance, but with 
higher mold temperatures it was necessary to apply 
a correction factor. Here again we have a fluidity 
apparatus which is useful for laboratory work but 
which is not practical for foundry tests. 

An interesting method for controlling head pres- 
sure was developed by Ash.?® From his observations 
in a foundry producing malleable iron Ash found that 
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the fluidity, as measured by the Bureau of Standards 
method, was not always a function of pouring tem- 
perature and composition. In order to obtain a high- 
er degree of sensitivity he modified the original meth- 
od. In this modification (Fig. 11) the only change 
involved the manner in which the metal was intro- 
duced into the horn gate. A core pouring box was 
mounted over the down gate and a 3%%-in. core rod 
was inserted in the 14-in. discharge outlet into the 
down gate. In making a test the reservoir was filled 
with molten metal to the level of an overflow, the 
core rod plug was then removed, and a constant vol- 
ume of metal allowed to run into the mold. The 
temperature was measured by means of an optical 
pyrometer sighted on the metal surface just before 
pouring the mold. According to the author, quite 
satisfactory results were obtained with this fluidity 
test mold. 

Evidently Ash did not have the difficulties that 
were experienced by the writer in carrying out his 
fluidity tests using a somewhat similar plug device, 
as described previously. 


Temperature Measurement 


It is now a well established fact that the mold en- 
tering temperature of the metal is the most important 
factor in the control of measurement of “fluidity.” 
Therefore, the importance of correct measurement 
of this temperature cannot be overemphasized. It is 
almost certain that some inconsistencies observed by 
different investigators were due to errors of tempera- 
ture measurements. For instance, one may doubt the 
significance of results obtained from the tests made 
with the aid of an optical pyrometer. In the early 
fluidity tests conducted at the Bureau of Standards it 
was well recognized that the temperature of the mol- 
ten metal flowing into the fluidity channel must be 
accurately measured. For this reason, at the very be- 
ginning of investigation the use of an optical pyrom- 
eter was abandoned. Instead, thermocouples (chro- 
mel-alumel for nonferrous metals and alloys and 
Pt/Pt Rh (10%) thermocouples for ferrous alloys 
were adopted. 

The thermocouple wires were separated by means 
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Fig. 11—Cross-section of modified Bureau of Standards 
fluidity spiral mold (Ash*® ). 
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of two-hole porcelain insulators and protected by a 
closed-end glazed porcelain tube. In case of ferrous 
alloys this assembly was inserted into a closed-end 
graphite tube coated with a layer of aluminum oxide 
and zirconium silicate. For the temperature mea- 
surement of non-ferrous alloys a closed end uncoated 
graphite or iron tube was employed. It was realized, 
however, that with such heavy protection tubes being 
employed, rapid response of the thermocouple could 
not be obtained. Since the thermal lag was more or 
less constant, it was assumed that the difference be- 
tween the true temperatures and the temperatures 
observed was also constant and the plotted fluidity— 
temperature relation was correct. Nevertheless, such 
thermocouple assembly was never satisfactory to the 
writer. 

In this connection the following quotation from 
the verbal discussion on Ash’s paper?* by Sims is 
very instructive. Sims said: “I talked to Dr. Sargent 
within the last two months and found he has some 
more recent information. A good many of those ear- 
lier tests in which he obtained these very discordant 
results, fluidities running all over the map without 
apparent correlation with fluidity, were made with 
optical temperature readings. Since then, he has re- 
peated a great deal of that work, taking temperatures 
with thermocouples, and since the results now fall 
into nice smooth curves, he has eliminated a great 
many of these differences. In other words, what it 
amounts to is that emissivities of these metals varied 
greatly and threw him off on the temperature read- 
ings. .. . The more accurate reading obtained with 
the thermocouples straightened out a lot of the ap- 
parent discrepancies.” 

During the last decade great progress has been 
made in the development of light sheething material 
for the immersion type thermocouples, 

After some experimentation with various types of 
protection tubes a standard procedure for tempera- 
ture measurement was developed by Wright and Rea- 
gan.22_ This consisted of using a Pt/Pt,Rh couple 
encased in double fused silica protection tube. The 
inner tube was 34, in. O.D. and the outer tube 3% 
in. O.D. These tubes were mounted in a graphite 
head, and the insulated thermocouple leads carried 
out through 14-in. iron pipe connected to the head, to 
a temperature compensated potentiometer. The 
thermocouple, inside its protecting tubes, was im- 
mersed in a well built into the cupola spout on the 
ladle side of the slag skimmer. Response to tempera- 
ture after immersion of the thermocouple was quite 
rapid, and equilibrium was attained in about 30 sec. 

Usually, six to eight immersions were obtained 
before the outer protection tube needed replacement, 
and at one time the thermocouple was allowed to re- 
main in the metal continuously for 2 hr. No details 
were given by the authors concerning the location at 
which the temperature of molten iron was measured 
during pouring of fluidity test molds. It may be in- 
ferred that fluidity molds were poured directly from 
the ladle after the temperature was measured at the 
cupola spout. 

It does not seem to the writer that the protection 
tube arrangement used by Wright and Reagan was 
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Fig. 12—Fluidity mold assembly, temperature measure- 
ment is taken in the pouring cup (Lillieqvist’* ). 


too great an improvement over that employed in the 
Bureau of Standards tests. 

A much higher precision of temperature measure- 
ment was developed by Mott, Schaefer and Cook. 
Their temperature measurement technique and ther- 
mocouple assembly was described by Clark.1 They 
placed the hot junction of a Pt/Pt,Rh thermocouple 
in the pouring basin of the fluidity mold. This 
couple was pulled through a single bore, fused-silica 
sheath with thin walls so that the thermal lag was 
not more than 4-5 sec. 

Another high precision method for measuring tem- 
perature was advanced by Lillieqvist.1°> When shank- 
ing the steel, a direct temperature reading was taken 
in the pouring cup of the fluidity mold (Figs. 12 and 
13). A fused quartz tube, about 6 in. long, sealed 
on one end, was fitted at an angle of 45 degrees into 
the pouring cup. A 32 B & S gauge Pt/Pt,Rh (10%) 
thermocouple was inserted into a quartz tube which 
had a 4 mm O.D. and % mm wall thickness. A 
single hole insulator prevented the two wires from 
shorting in the quartz tube. Pouring temperaure 
readings using this method could be obtained in 





Fig. 13—Pouring cup and thermocouple (Lillieqvist’® ). 
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Fig. 14—Fuzed quartz tube placed across the pouring cup 
near the bottom (Lillieqvist!’ ). 


about 7 to 12 sec. It was necessary to have a solid 
stream of the metal in constant contact with the 
quartz tube for at least 10 sec. 

When a bottom poured ladle was employed the 
metal entered the mold with a faster rate and in 
this case the temperature readings were taken in the 
cup of a fairly large mold poured just prior to the 
fluidity test mold. In addition, because of the higher 
static pressure developed in bottom pouring it was 
necessary to modify the thermocouple arrangement 
in the pouring cup so as to eliminate bending and 
breaking. 

Accurate results were obtained by placing a fused 
quartz tube across the pouring cup opening near the 
bottom as illustrated in Fig. 14. With this arrange- 
ment it was possible to use 4 mm O.D. quartz tubes 
with 0.75 mm wall thickness. Because no insulators 
near the thermocouple bead were required, as one 
wire extended in from one side and the other from 
the other side, the couple responded to the steel tem- 
perature faster. The pouring cup had to be continu- 
ously filled with. liquid steel so that the metal was 
always in contact with the quartz protection tube. 

A number of other precautions had to be followed 
to obtain reliable temperature readings. An inter- 
esting remark was made by Lillieqvist with regard to 
the temperature measured at different times of the 
pouring operation. It was noticed that at the begin- 
ning and at the end of the heat the fluidity was the 
highest, while at the middle of the heat the fluidity 
was the lowest. In this connection the author makes 
reference to the paper presented in April 1950 by F. 
Von Gruenigen and D. Lawter on the subject of 
“Temperature in the Hearth and Ladle” before the 
National Hearth Conference. They inserted thermo- 
couples into the ladle approximately 114 in. from 
the ladle lining and 9 in. from the top of the nozzle. 
By this means they could determine the temperature 
of the liquid steel during the entire pouring opera- 
tion. At the beginning of the pouring operation the 
temperature was fairly high, then in the middle of 
the heat the temperature was the lowest. The tem- 
perature starts to increase again and at the end of 
the heat the temperature was approximately the 
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same as in the beginning of the heat. 

Kerr in discussing the Lillieqvist paper said that it 
might be possible that the phenomena just noted was 
due to the placement of the thermocouple too near 
the ladle lining. Whatever the explanation of this 
observation, the writer believes that this informa- 
tion is of interest. It may be noted that different 
authors in refering to pouring temperature use term 
“superheating temperature.” In this connection the 
writer wants to remind that the term “superheat” 
has a specific meaning, i.e., the thermal treatment of 
the melt. It is suggested therefore that the expres- 
sion “superheating temperature” be avoided when 
speaking about pouring temperature. It is more cor- 
rect to report the temperature as so many degrees 
above the liquidus. 

Summary 


In summarizing the above discussion, the follow- 
ing concluding remarks can be made: The term 
“fluidity” should be established as purely a foundry 
term. For the present time at least, the only con- 
venient method of evaluating fluidity is an empirical 
one. The nature of the mold and the technique of 
casting can be neglected if a sufficient degree of 
standardization is,adopted. On the other hand, such 
important properties as surface tension, solidification 
temperature, viscosity, specific heat, solidification 
range and crystallization form depend upon composi- 
tion and temperature. Therefore the only critical 
factors in the study of fluidity are composition and 
the temperature of the molten metal entering the 
fluidity channel. 

There are a number of methods proposed by vari- 
ous authors for fluidity measurement. Some of these 
methods may be considered as purely laboratory 
methods, there are also methods which may satisfy 
the local needs but cannot be adequate for the study 
of the fluidity—temperature relation. The only prac- 
tical methods, suitable for this purpose, appear to 
be the spiral and straight rod fluidity methods. The 
principal disadvantage of the straight rod test piece 
is that the cross-sectional area of the flow channel 
has necessarily been restricted in order to keep the 
mold length within convenient dimensions. As far 
as can be judged from publications available, prefer- 
ence is given by the different investigators to the 
spiral type of the test piece over the straight rod. A 
majority of the authors seem to prefer the use of 
spirals having cross-sections of a trapezoidal shape, 
the cross-sectional area being 4» to 14 sq in. 

General indications are that the pouring of the 
metal directly into the sprue of the test mold is a 
poor practice and that a pouring basin and overflow 
reservoir are to be provided. In order to control 
casting head pressure, the rod plug device, such as 
described by Ash, may be suggested, provided that 
there is no leak of the molten metal into the mold 
until the plug is removed. The writer believes that 
Evans’ remark that the raised reference marks of the 
spiral might create or aggravate undue turbulence 
in the stream of metal merits a serious consideration. 
They can easily be omitted. 

In designing gating system consideration should 
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also be given to the fluid flow studies at the Naval 
Research Laboratory and Battelle Memorial Institute 
where jet, turbulence and vortex effects of gating 
system were démonstrated. In measuring the length 
of the spiral the end of a spiral should be taken at 
the last point where the cross-section of the channel 
is completely filled with metal and a note to be made 
of the total length taken to the tip of the casting. 
It is doubtful, whether the volume or weight of the 
casting is a correct indication of fluidity and can be 
recommended for the fluidity measurement. The 
writer believes that some errors of observations may 
be introduced by such items as the imperfections of 
casting (blow holes, shrinkage cavities), burned on 
sand and difference in the methods of weighing em- 
ployed by various investigators. 

The temperature of the molten metal entering the 
flow channel is the most critical factor in fluidity 
determination. Therefore all possible precautions 
should be taken to insure the correct temperature 
measurement techniques. The use of an optical py- 
rometer for this purpose should be avoided. The 
method described by Lillieqvist is strongly recom- 
mended. Once reliable fluidity data for a given met- 
al are established there is no need for repeated tem- 
perature measurements of the metal flowing into a 
test mold, since length of spiral indicates this tem- 
perature. A periodic check is sufficient. 

In this summary no mention has been made about 
mold material and well at base of sprue. The reason 
being that the writer doubts whether the mold mate- 
rial can be standardized for fluidity testing and he 
hesitates to make any definite statement on this sub- 
ject. As to the well, there was a difference in opin- 
ion concerning its usefulness. Some authors report 
that addition of the well at the base of sprue was 
beneficial, another (Ruff) found, on the contrary that 
use of the well caused an increase of discrepancies. 

In conclusion, the writer hopes that one standard 
method and procedure will be adopted by the A.F.S. 
and will be strictly followed in the fluidity testing 
of foundry alloys. At the present state of affairs, 
when practically every author introduces his own al- 
terations, no comparable data are available. More- 
over, it is felt that many of the reported modifications 
would not be necessary if the correct temperature 
measurement technique were used. However, the 
writer does not mean to infer that research into new 
technique for fluidity testing should cease because 
there is a definite need for more fundamental infor- 
mation to be established on such a controversial sub- 
ject. 
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DISCUSSION 


Chairman: C. B. Jenni, General Steel Castings Co., Eddy- 

stone, Pa. 

Co-Chairman: J. R. GoupsmirH, Crane Co., Chicago. 

Recorder: W. R. Punko, Wehr Steel Co., Milwaukee. 

W. G. Witson:* What is the reproducibility of results of two 
test molds poured simultaneously from the same ladle? 

J. H. Scuaum:? I am not in a position to answer in terms 
of steel foundry practice, but believe a 2 per cent deviation 
would be very good in steel. In aluminum it is 25 per cent. 

J. A. Rassenross:* Two spirals in a mold will check within 
14 in. Even | in. would be satisfactory. 

CHAIRMAN JENNI: Mr. Rassenfoss, did you have buttons on 
your spiral? 

Mr, RASSENFOsS: Yes. 

CHAIRMAN JENNI: What effect would turbulence have on it? 

Mr. RAsseNFOoss: Frankly, I do not know. 


1 Metallurgist, Molybdenum Corporation of America, Chicago. 
2 Metallurgist, National Bureau of Standards, Washington, D. C. 
3 Assistant Resarch Director, American Steel Foundries, East Chicago, Ind. 











MECHANICAL PROPERTIES OF CAST 
TITANIUM—CARBON ALLOYS 


By 


O. W. Simmons and R. E. Edelman* 


ABSTRACT 

Some of the mechanical properties of as-cast titanium-carbon 
alloys were determined over the range from the 0.04 per cent 
carbon present in duPont “Process A” titanium sponge to 0.90 
per cent carbon. The ultimate tensile strength gradually in- 
creased from 70,000 to 90,000 psi and the elongation rapidly 
decreased from 29 per cent to 1.6 per cent (gage length of 1.4 in.) 
over this increase in the carbon content. The melting tempera- 
ture of the alloy increased as the carbon increased but no 
particular difficulty was encountered in casting these binary 
alloys and the as-cast surfaces were free from cold shuts and 
seams. 

These data are significant in considering the possibility of 
producing ductile material by induction melting. At present, 
graphite is the only practical crucible material for induction 
melting titanium. The carbon pick-up from a graphite cru- 
cible is sufficient to prevent the production of ductile castings 
by the induction method of melting. 


Introduction 


Many of the useful titanium alloys are very diffi- 
cult to machine. Thus considerable savings would 
be made if these alloys could be cast to the desired 
shape. Therefore, as part of the general Army pro- 
gram to develop titanium for military purposes, 
Frankford Arsenal has been directed to study found- 
ry techniques for titanium. The specific objective 
was to devise practical methods for casting titanium 
and its alloys into shapes weighing up to 10 lb. These 
castings were to have good surface finish and dimen- 
sional accuracy in the as-cast condition. 

The simplicity and convenience of induction melt- 
ing has been widely appreciated.1:?34 However, the 
extreme reactivity of molten titanium has success- 
fully defied every attempt to apply this method to 
the preparation of ductile titanium castings. Even 
after extensive investigation, graphite is the only ma- 
terial now known which will withstand attack by 
molten titanium and which is also suitable for use 
as a crucible in induction melting. All other refrac- 
tory crucibles contaminate the melts excessively and 


* The authors are Metallurgists, Pitman-Dunn Laboratories, 
Frankford Arsenal, Philadelphia. 

Published with permission of the Department of the Army. 
The opinions expressed in the paper are those of the authors 
and are not necessarily endorsed by the Department of the 
Army. 
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make the titanium hard and brittle.*** Unfortun- 
ately, even graphite is not completely inert since 
titanium alloys melted in a graphite crucible con- 
tain from 0.30,to 1.0 per cent of carbon dissolved 
from the crucible wall. 

Considerable information on wrought carbon con- 
taining alloys appears in the recent literature®.*.7 but 
very little information!?.* is available on cast alloys 
containing carbon. Therefore, in this investigation, 
a survey was made of the as-cast titanium alloys con- 
taining up to 0.90 per cent carbon in order to make 
a sound evaluation of induction melting as a method 
for producing ductile titanium castings. The test 
bar castings (Fig. 1) for this survey were prepared in 
a special arc furnace® which had been developed for 
making contamination-free castings of any desired 
composition. This device provided test bar castings 
of the desired carbon content which were essentially 
free of other contaminating elements. 


Method of Preparation 


The specimens were prepared from duPont “Pro- 
cess A” titanium sponge and 40 to 60 mesh carbon 
powder. A commercially available stabilized carbon 





CASTING 


DUCTILE 
UNALLOYED Ti 


Sm BRITTLE 


Ti~05%C ; 


Fig. 1—Special “keel block” cast in a mold of solid graph- 

ite. A modified “half-size” tensile-test specimen with 1.4- 

in. gage length was made from lower section of keel block. 

The addition of 0.5 pct carbon markedly reduced ductility 
from 29 pct to 4 pct elongation. 
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TasBLe 1.—MECHANICAL Properties OF As-Cast TITANIUM-CARBON ALLOYS 
Ultimate, Yield 
% Carbon Tensile Strength Elongation Hardness, Charpy Impact, 

Specimen Balance Ti Strength, (0.2% offset), Proportional Percentin Reduction Brinell (3000 ft-lb 
No. Intended Actual psi psi Limit, psi 1.4 in. in Area, % kg load) —105°F 84°F 212°F 
22 0.00* 0.04 69.5 53.0 42.5 29.3 41.6 156 925 12.8 263 
24 0.00* 0.04 72.6 58.6 44.5 27.5 40.3 161 8.75 12.0 23.3 
28 0.25 0.31 89.4 63.0 50.0 8.5 10.0 181 — —_— — 
29 0.25 0.29 90.7 68.7 50.0 9.3 11.2 182 3.5 11006 — 
30 0.50 0.51 87.5 68.7 51.0 4.0 3.9 188 3.0 3.0 — 
$2 0.50 0.47 84.8 68.5 60.0 $.2 3.1 197 4.5 — 22.0 
33 0.50 0.53 86.3 70.2 51.0 3.9 1.7 189 — 3.0 3.0 
34 0.70 90.3 78.7 55.0 2.5 1.7 215 
37 0.70 0.65 94.5 84.6 60.0 2.0 1.1 217 2.5 
38 0.70 89.8 80.0 70.0 3.0 2.0 217 
43 0.90 0.85 96.6 80.9 67.0 l.i 1.1 217 
44 0.90 90.4 80.5 65.0 2.1 1.4 241 


Process 


*“Commercially Pure” Titanium 


“A” Sponge used as base alloy material 





powder, or “CS” grade graphite filings were used 
for this purpose. Castings were prepared in a skull 
type arc melting furnace developed at Frankford Ar- 
senal specifically for the purpose of making titanium 
castings of any desired composition free of contam- 
ination.§ 


Testing Procedure 


Brinell 
were made on flats machined on the castings. 
least two readings were taken on each bar. 

Tensile tests were made on a Baldwin-Southwark 
hydraulic machine having a load range of 120,000 
lb. The standard 0.357-in. diameter tensile bar (Fed- 
eral Specification QQ-M-15la, Type 4 specimen) was 
modified slightly to provide shoulders. See Figs. 1 
and 2. This modification avoided the difficult opera- 
tion of machining threads. However, none of the 
basic test bar dimensions were altered. Thus the re- 
sults obtained with the modified bar should be direct- 
ly comparable with those obtained with the standard 
threaded test bar. An SR-4, PA-3 (Post Yield) elec- 
tric resistance gage was mounted on each specimen. 
The cross head speed was 0.005 in. per min. At least 
two specimens of each composition were tested to 
determine the average value. 

A water-cooled alundum cut-off wheel was used to 
section the castings for metallographic examination. 
The sections were then polished on the following 
grades of paper: 1G, 400, 600, and 00. All of the 
initial preparation was done under water. The final 
polish was carried out on a silk lap followed by a 
miracloth lap using fine alumina. 


(3,000 kilogram load) hardness readings 
At 


Mechanical Properties 


Some of the mechanical properties of the binary 
titanium-carbon alloys containing an intended car- 
bon content of 0.25, 0.50, 0.70, and 0.90 per cent were 
determined. Control specimens prepared from un- 
alloyed “Process A’’ titanium sponge,* which con- 
tains 0.04 per cent carbon, provided a “commercially- 


*Typical analysis of duPont “Process A” titanium sponge.’ 


li = >99.5 per cent H = 0.006 to 0.009 per cent 
C = 0.01 to 0.05 per cent Cl = 0.05 to 0.10 per cent 
O = 0.06 to 0.10 per cent Mg = 0.01 to 0.05 per cent 
N = 0.01 to 0.02 per cent Fe = 0.05 to 0.25 per cent 


Vickers Hardness Number <180 


pure” alloy as a basis for comparison. The test speci- 
mens were machined from a special ‘“‘keel-block” type 
casting designed to produce sound test bars in a 
graphite mold from a minimum quantity of molten 
metal (Fig. 1). 

The average mechanical properties of the different 
as-cast alloys are shown in Table 1. The gain in 
strength with increasing carbon content was accom- 
panied by a marked decrease in the ductility. The 
Brinell hardness was extremely sensitive to additions 
of carbon, a slight increase in carbon bringing about 
a rapid rise in hardness, Fig. 3. 

Machined graphite molds* were used to make the 
castings but no appreciable amount of carbon was 
picked up from the mold. This was demonstrated by 
practically identical superficial hardness values de- 
termined on the surface of commercial purity metal 
cast into both graphite and copper molds. 
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TYPE “B" 
Fig. 2—Type “A” is standard half-size tensile-test speci- 
men with threaded ends. Cross-sectional area is 0.1 sq in. 
(Federal Spec. QQ-M-151la, Type 4 specimen). Type “B” 
is essentially same specimen modified to have shoulders 
to avoid threading operation which is difficult with some 
titanium alloys. 
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PER CENT CARBON 


Fig. 3—Mechanical properties of as-cast titanium-carbon 

alloys. Broken line curves represent data for wrought, 

high-purity, titanium-carbon alloys and demonstrate that 

trends in properties are caused by carbon content rather 
than the treatment. 


The moduli of elasticity (Table 2) were deter- 
mined by using SR-4 strain gages. There was consid- 
erable variation in these data, but the values fall 
within the range reported by other investigators*.*.® 
for wrought alloys. To date, there have been no 
other reports on this property for as-cast titanium 
alloys. 


Microstructure 


The microstructure of these alloys exhibited more 
carbides than would be anticipated from a study of 
the binary titanium-carbon equilibrium diagram.® 
This excess may be attributed to the non-equilibrium 
conditions present in the castings as a result of the 
rapid cooling which tends to retain the low carbon 
solubility, characteristic of the beta region at elevated 
temperature. No specimens with less than 0.25 per 
cent carbon were cast since this is the minimum car- 
bon content which can be anticipated in induction 
melted titanium castings. 

It is readily apparent in the microstructures of the 
as-polished specimens showns in Fig. 4 that the 
amount of the carbide phase increases with increas- 
ing carbon content. When these specimens were 
etched as shown in Figs. 5 and 6 the unalloyed titan- 
ium had a typical basket-weave Widmanstatten pat- 
tern of transformed beta. With increasing carbon 
content two-phases become apparent, namely, titan- 
ium carbide in an alpha matrix. 


Discussion 


At the present time either induction or arc melt- 
ing methods can be used for titanium. For casting 
purposes, a melting method must provide a sufficient 
quantity of molten metal having uniform composi- 
tion and adequate superheat to fill the molds in one 
continuous pour of short duration. These require- 


BRINELL (3000 KG LOAD) OR VICKERS HARONESS NUMBER 
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Mobut! oF Evasticiry oF Cast TIrANium- 
CARBON ALLOYS 


TABLE 2. 





Material Modulus of Elasticity, psi 


Cast Titanium, Commercially pure 
oz ” 0.25 per cent carbon (intended) 


15,900,000 
15,400,000 


0.50 17,200,000 
0.70 16,100,000 
0.90 17,000,000 





ments are further complicated when applied to titan- 
ium because it is necessary to conduct all operations 
without contamination by the atmosphere or other 
surroundings. 

The foregoing requirements are fulfilled to a great 
extent by the induction method of melting. Unfor- 
tunately however, because all other refractories con- 
taminate the titanium melt and make the metal hard 
and brittle, graphite is the only refractory now feas- 
ible for induction melting. Even so, from 0.3 to 1.0 
per cent carbon is always dissolved in the bath dur- 
ing the process. Furthermore, this carbon pickup 
is unpredictable from heat to heat. 

The work described in this paper was undertaken 
to ascertain how the mechanical properties of cast 
titanium are affected by the presence of carbon in 
the range encountered in induction melting practice. 

The data in Table | shows that only a moderate 
increase in strength accompanied by a severe loss in 
ductility results from a small increase in the carbon 
content. Thus, it is unlikely that cast titanium-car- 
bon binary alloys can be used in parts where tough- 
ness is a consideration. It follows that induction melt- 
ing in a graphite crucible to produce titanium cast- 
ings would likewise have to be ruled out for many 
applications because of the low ductility and poor 
reproducibility of properties. 

Improvement of the ductility and other properties 
of cast titanium-carbon alloys by heat treatment alone 
is an unlikely prospect. Spheroidization of the car- 
bides in carbon-bearing alloys might increase the duc- 
tility provided the matrix is ductile. However, data® 
on wrought titanium-carbon alloys indicate that the 
grain size cannot be refined and the carbides can- 
not be diffused at any practical rate by heat treat- 
ment alone. Mechanical working must be used in 
conjunction with heat treatment in order to break 
up the established grain size and carbide distribu- 
tion and to bring about spheroidization. Thus, the 
only likely benefit to be expected from heat treating 
titanium carbon alloy castings is essentially that of 
stress relief. 

Furthermore, the data on mechanical properties re- 
ported for high purity iodide titanivm-carbon alloys,® 
which were hot forged, cold rolled, and subsequently 
annealed for 314 hr at 1560 F (850 C), are almost 
identical in trend to those obtained in the present 
work on castings. See Fig. 3. This similarity in trend 
indicates that the carbon content of the alloy brings 
about the marked decrease in the ductility and that 
even mechanical working and heat treatment cannot 
alleviate this detrimental effect. The considerable 
difference in level of the various comparable curves 
of Fig. 3 may be attributed mainly to the difference 











PROPERTIES OF CAST TITANIUM-CARBON ALLOYS 








" . ‘¢ ‘Gly se aures suaul -un ul aseyd ejaq Pautioysuel} JO 91NjONIJS BARAaM-Jayseq MOYS SUaUTIOads paYyr}q 
-roedgS—(moy wozjog) ‘4H [Ww IT “ONH [UW Sz ‘JooA]# auajAyze Jur QQ—juUPYIIq —(Moy 19]U99D) ¢ ‘Sly *juUazJUOD UOGIeD YIM AjajyeuoljsJOdOId saseaioUI apiqsed jo 
oan Gulseaqg-uoqsed jo x11jeul eYydye ul UOI}NgGIIjJsIp epiqsed pue uNniuej} padojye Ajyuenb Mmoys sAoyje uoqgseo-uiniuejy} Jo suauoeds paysijod-sy—(moy doy) p Fly 
t Na a ' Sas . dns, ao , 


j 


. - eae a , “ee é a lee 





oS ; ae anf ‘ 
es ee: Sy. pl rm ‘ 
~ > Ny 4 _ ¥ . / 
re ‘ ~ i, thn gat See 5 ae id j 
w = —\ “ ] Teng © - el ’ - v 
2 Lat et “a ’ ‘ \ ; F; 
- ’ < \ } ‘ or ‘3 silt » =~, Pi 
af oy Yo ‘ ‘ ’ } 4 Z f. 
va “y ) Pn -- — a - 5 F \ ‘ 5 ? ‘ 
3) . . - f sige 
fe -<ti.| : s 4,44 4 “a , ~ - 
: tH / aS OO \ ‘ ne PT taal - . PES sos j \ en a 
- 4, r. ae. A - — se —— ‘ { - ° ‘ . A 
nea ee area 4 SRE then, Saat, ee X00I 
\ - we, ber P 4 ye i ia ‘ ate = . : 
AN ¢ \ AGE eee - ee eh: Cie awk fa ee ©, f on 
PINS ee I ae Sty Rie OE t -+ ; A ys — 
F Y 4 . a ; \ : 4 . _- J ; sew _ 4 « ph » is fo 
Pe, #28. fy, Ji eS — Ss ‘ \ J oe = ° 
ideas ye ef yy ‘ —" % . “ 4 ; ’ 
ARG) ¢ ; ‘ > c- ~ ; 
"J y ; 7 y ay: r) - - ~ « ‘. : 
y ’ - > oo. » : 
\ ; ‘e ~ . rd 
NIRS RAN a sot aes ! 
. ae a, ‘ m > = ys . 
i a ie 7 ‘ “red 


9s Os 6" 7 . * 
¥06'°0 9 % OL0 32 %0S°0 9 %S70 winiueiny aind Ayjemiauiw0ED 








O. W. SIMMONS AND R. E. EDELMAN 


in purity of the raw materials used by the various in- 
vestigators. 

The quality of the metal produced for this re- 
port was not impaired by the casting operation. This 
is demonstrated by the Brinell hardness value of 156 
on the unalloyed casting which is essentially that of 
a laboratory test sample melted from the same sponge. 
The Brinell hardness value is an excellent indication 
of the degree of contamination present in the speci- 
men, because even a minute quantity of contamina- 
tion has a very potent effect on the hardness of the 
metal. When the hardness value is not increased 
appreciably by the melting operation, it is considered 
an acceptable indication that no contamination oc- 
curred during melting. 


Conclusions 


1. Cast titanium-carbon alloys show a gradual in- 
crease in strength accompanied by a severe decrease 
in ductility as the carbon is increased up to 0.9 per 
cent. This will undoubtedly reduce the amount of 
many other alloying elements that might be profitably 
added to titanium castings containing carbon. 

2. The great decrease in ductility with increasing 
carbon content, is caused by the increasing amount of 
carbide formed. 

3. The induction melting technique is not satis- 
factory for producing ductile titanium castings. This 
is true because from 0.3 to 1.0 per cent carbon is al- 
ways dissolved in the titanium bath during induc- 
tion melting in a graphite crucible so that a brittle 
product is obtained. Furthermore, the amount of 
carbon is not predictable from heat to heat. No 
other refractory crucible material is known which 
will produce less seriously embrittled metal. 

4. The only immediate benefit to be expected 
from heat treating titanium-carbon alloy casting is 
essentially that of stress relief. 
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GATING TO CONTROL POURING RATE 


AND ITS EFFECT ON 


By 


THE CASTING 


F. J. McDonald* 


As a part of the quality control program, the man- 
agement of the plant with which the author is asso- 
ciated felt that control of the pouring rate had a 
large influence on the quality of the castings pro- 
duced. Investigation showed that many reports had 
been published on other factors affecting scrap, while 
very little data were available on the control of the 
pouring rate. A study consisting of over 1200 hr in 
the foundry department was made to further investi- 
gate and to determine what actually does control the 
pouring rate.! 

Although pouring rate will be affected by molding 
sand conditions, iron temperature and analysis, cast- 
ing design, gating, type of molding equipment, mold- 
ing technique, etc., this study deals only with iron 
pressure and the area through which the iron flows. 
Thus we take into consideration sprue cups, sprue 
posts, ladle height; cross-sectional runner area and 
skim cores. 

Many times throughout the article strains and 
swells are mentioned as being the result of excessive 
pouring rate. It is recognized that these defects can 
be caused by other conditions—mainly out-of-range 
sand, improper amount of jolting, or improper 
squeezing. Therefore, it is well to mention that the 
sand used for all test molds was held within the fol- 
lowing limits: 


0 rrr Tremere 
Green Compressive Strength ......... 10.0-10.5 psi 
DN, osc kKcgudacsuneasckntepeameanes 80-85 


The molds were made on automatic jolt squeeze 
machines which control the amount of jolts and the 
time and pressure of the squeeze. 

The plant is highly mechanized, and the process 
of making and pouring molds is duplicated many 
times an hour on production conveyor lines. In 
order to simulate production technique, all test molds 
were made and poured in sets of five on a regular 
production conveyor line. The molding technique 
was duplicated for each set of molds, and each set 
was poured by the same iron pourer. 


* Foundry and Melting Supt., Saginaw Malleable Iron Plant, 
Central Foundry Div., GMC. 

‘This study was made by Steve Spess in fulfillment of the 
thesis requirements for a degree. 
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The molds were shaken out manually to keep the 
gating systems and the castings intact. Gates were 
allowed to cool, and were then cleaned, weighed and 
inspected for defects. Thus, for each test mold 
poured, the following data were recorded: date, time, 
job number, weight poured, pouring time, total 
weight of iron poured and any casting defects. Pour- 
ing time as expressed in the report was the elapsed 
time from when the iron started from the ladle spout 
until it stopped. 

The iron flow in these molds was direct from the 
ladle spout dewnward into the sprue cup, through 
the sprue hole and horizontally through the runner 
into the shrink bobs and into the casting. 


Pouring Rate as Affected by Sprue Cups 


In the investigation of the effect of sprue cups on 
pouring rate and casting defects, three different type 
cups were used, as shown in Fig. 1. All other factors 
such as sprue hole size, cross-sectional runner area, 
etc., were kept constant. 

The standard cup is used on the majority of pro- 
duction jobs. The ribbed sprue cup is used where it 
is necessary to place a skim core in the cope mold. 
The special cup is used rarely but was tested for data 
purposes. 

Two tests were run with each sprue cup—one test 
with no skim core in the gating system, and one test 
with a skim core placed in the drag at the base of 
the sprue hole. The data from the first test is shown 
at the top of Table 1. The castings of the test were 
compared, and the only noticeable difference was 
that those poured with the standard cup showed a 
few parting fins or a tendency toward strain. 

The data of the next test with the skim core in the 
drag are shown at the bottom of Table 1. The double 
test series with the special sprue cup was used to see 
if the data could be duplicated or reproduced. Com- 
paring castings from this test, it was noted that those 
poured with the special sprue cup showed a smooth 
and shiny surface. This is an indication that it was 
close to a misrun condition and that the pouring rate 
was at its lowest point possible for these castings. 

With the sprue cups the only variable in these 
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Fig. 1—Sketches of the three different types of 
sprue cups used in the investigation. 


tests, it was concluded that the design of the sprue 
cup has a definite effect on the pouring rate. 

Free falling iron from the ladle spout will gain 
velocity, but the velocity of the iron hitting a shoul- 
der in the sprue hole will be reduced drastically at 
that point. Reducing the width of the shoulder or 
decreasing the angle from the vertical of the side 
walls of the sprue cup hole will increase the pouring 
rate if other factors are constant. 

The test run with the skim core in the drag showed 
that the effects of the shoulder and side-wall angle 
were still present. More information about the skim 
in the drag appears later in this article. 


Pouring Rate as Affected by Sprue Post Diameter 


The next tests were to determine how the sprue 
post diameter or sprue hole cross-sectional area af- 
fects the pouring rate. A round sprue post with one 
to three degrees draft was mounted on all cope pat- 
terns. The smallest diameter of the sprue hole in the 
mold was the diameter of the sprue post at the tip 
of the sprue cup impression in the mold. 

Five sprue posts—each with two degrees draft— 
4 in. total length, and with base diameters of 34, 4, 
54, 34 and 7% in. were used for this test. Figure 2 
shows the 34-in. base diameter sprue post and also 
the cavity in the mold made by the sprue post and 
sprue cup. Seventy molds were made and poured in 
these tests. 

Table 2 shows the results of the three tests run. It 
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is noted that the sprue post diameter at the tip of the 
sprue cup is about 1/16-in. smaller than the base 
diameter because of draft. T:wenty-five molds were 
made without skim cores in the gating system and 
with total cross-sectional runner area of 0.472 sq. in. 
Sixty-five pct of the castings with the 5/16-in. mini- 
mum diameter holes were misrun. Seven pct of the 
castings from the 7/16-in. diameter holes were mis- 
run, and the rest had a smooth and shiny surface. No 
visual defects were noted from the 9/16 and 11/16-in. 
diameter holes, but a tendency toward strain and fins 
was noted on the castings from the 13/16-in, diameter 
sprue hole. 

Twenty molds were then made with a skim core 
in the drag of the gating system. Eight pct of the 
castings from the 7/16-in. diameter hole were misrun, 
and the others had a shiny surface. On the castings 
from the 9/16, 11/16 and 13/16-in. diameter holes 
there were no visual defects. 

Twenty-five molds were then made with the gating 
system having a cross-sectional runner area of 0.750 


TABLE ]1—Sprur Cup Test AVERAGES 





Pouring Time, Poured Weight, Pouring Rate, 





min lb lb/min 
Test No. 1—Without Skim Core 
Standard Sprue Cup 0.096 17.55 182.8 
Ribbed Sprue Cup . 0.109 18.25 167.4 
Special Sprue Cup 0.116 16.35 140.9 
(modified) 


Test No. 2—Skim Core in Drag 


Standard Sprue Cup 15 15.4 134.0 

Ribbed Sprue Cup 117 15.35 131.2 

Special Sprue Cop 132 14.75 111.8 
(modified) 

Special Sprue Cup .134 14.90 111.3 


(modified) 





sq. in. and no skim cores. Fifty-seven pct of the cast- 
ings with the 5/16-in. diameter hole were misrun. 
Two pct of the castings with the 7/16-in, diameter 
holes were misrun, and others showed a misrun tend- 
ency. The 9/16, 11/16 and 13/16-in. diameter holes 
produced castings with no defects, but as the sprue 
post hole increased, the castings became rougher and 
showed a tendency toward strain. 

Plotting the sprue post cross-sectional area against 
the pouring rate, we find the pouring rate will in- 
crease until the sprue-post area approaches the small- 
est area in the gating system. A sprue-post area larger 
than the runner area would be of no value in in- 
creasing the pouring rate. Conversely, where skim 
cores are used only as a choke source, the same effect 
can be obtained by eliminating the skim core and 
using a smaller sprue post. 


Pouring Rate as Affected by Sprue Post Length 


The next test was to determine what effect sprue- 
post length had on the pouring rate. The test molds 
were made off the same pattern on the experimental 
floor. All drag molds were the same while the cope 
molds were made 4, 6 and 8 in. high. The sprue holes 
were cut with the same hand sprue cutter, thus giving 
all molds the same sprue hole cross-sectional area at 
the smallest point. 
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To eliminate the pouring height variable, the pour- 
ing spout was kept at a constant height of 14 in. from 
the parting of the test molds, and the iron was poured 
directly into the sprue cup. Table 3 shows the data 
accumulated from these tests. There were no casting 
defects nor difference in the appearance of the cast- 
ings. There was a considerable amount of slag in the 
runners, but none in the castings. Varying only the 
cope height does not vary the pouring rate. The 
pressure head is determined by the height of the ladle 
from the parting line and not by the height of the 
cope mold. The effect of side-wall resistance of the 
longer sprue holes is nil. In this test, the effective 
sprue cross-sectional area was 0.248 sq. in. while the 
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runner cross-sectional area was 1.03 sq. in. This con- 
dition gave us a low iron velocity through the runner 
and allowed the slag to come to the top and be trap- 
ped in the runner. 


Pouring Rate as Affected by Runner Area 


As the iron leaves the base of the sprue post, it 
changes direction from vertical movement to hori- 
zontal movement and enters the runner. The effect 
of runner cross-sectional area on the pouring rate was 
studied next. 

It is fundamental to say the runner cross-sectional 
area should be large enough to get the molten iron 
into the mold cavity with the least amount of restric- 
tion. However, in some cases it is necessary to choke 
the runner to eliminate strains, swells, run-out or 
core wash. At this plant all runners have ten degrees 
draft on each side, and similar jobs have similar run- 
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ner area. Two separate tests were made, varying only 
the runner cross-sectional area, and keeping the sprue 
hole, runner length and ladle height the same. 

Twelve test molds were made in this phase of the 
experiment—each two molds with a different sized 
runner. The results are shown in Table 4. Of the 12 
test castings, only one from the 0.562 sq. in. runner 
was a good casting and free of slag. On the second 
test, one mold with a smaller runner and one with a 
larger runner were poured consecutively out of the 
same ladle. The results are shown at the bottom of 
Table 4. The castings with the small runner area were 
scrap due to slag, and those from the large runner 
area showed slag in the first few inches of runner but 
none in the casting. 

These tests show that increasing the runner cross- 
sectional area increases the pouring rate until the 
runner cross-sectional area equals the sprue post cross- 





TABLE 2—-SPRUE Post DIAMETER TEST AVERAGES 





Sprue Post Sprue Post 


Dia. at Area at Pouring Poured Pouring 
Sprue Cup, Sprue Cup, Time, Weight, Rate, 
in. sq in. min Ib Ib/min 





Test No. 1—Without Skim Core—0.472 sq in. cross- 
sectional runner area 


5/16 0.0767 0.208 18.40 87.7 
7/16 0.1503 0.200 20.10 100.5 
9/16 0.2485 0.130 19.83 152.5 
11/16 0.3712 0.125 20.44 163.5 
13/16 0.5185 0.114 20.48 179.6 


Test No. 2—Skim Core in Drag—0.472 sq in. 
sectional runner area 


7/16 9.1503 0.183 17.85 75 
9/16 0.2485 0.140 18.08 129.1 
11/16 0.3712 0.138 18.05 130.8 
13/16 0.5185 0.130 18.48 142.1 


Test No. 3—Without Skim Core—0.750 sq in. cross- 


sectional runner area 


11/32 0.0928 0.260 16.47 63.3 
15/32 0.1726 0.128 17.58 137.3 
19/32 0.2769 0.110 17.50 159.1 
23/32 0.4057 0.094 17.25 183.5 
27/32 0.5591 0.076 18.08 237.9 





TABLE 3—-SPRUE Post LENGTH TEST AVERAGES 











Cope Length of Pouring Poured Pouring 
Size, Sprue Post, Time, Weight, Rate, 
in. in. min Ib lb/min 
4 154 0.120 14.38 119.8 
6 35% 0.121 14.50 119.8 
8 55% 0.120 14.50 120.8 





TABLE 4—RUNNER AREA TEST AVERAGES 





Runner Pouring Poured Pouring 





Area, Time, Weight, Rate, Casting Defects 

sq in. min Ib Ib/min by Pieces 
Test No. 1 

0.098 0.225 13.00 57.8 2 pes. slag 

0.162 0.165 13.38 81.1 2 pes. slag 

0.250 0.135 13.50 100.0 2 pes. slag 


0.310 0.130 13.68 105.2 2 pes. slag 
0.430 0.130 13.88 106.8 2 pes. slag 
0.562 0.130 14.12 108.6 1 pe. slag, 1 pe. OK 


Test No. 2 
0.250 0.160 16.13 100.9 2 pes. slag 
1.031 0.160 16.13 100.9 none 
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sectional area. From there on, increasing the runner 
area does not appreciably affect the pouring rate. 
Making the runner area four times as big as the sprue- 
post area has no effect on the pouring rate. 

From the continuity equation (quantity equals 
area times velocity), it is determined that if the pour- 
ing rate is constant and the runner area is increased, 
the iron velocity must decrease, and that is what hap- 
pened in the second test. Using the equation and the 
data accumulated, it is determined that an iron vel- 


ROCKER ARM PATTERN 
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Fig. 3—Rocker arm pattern. 
ocity of 0.750 ft/sec in 5 in. of runner length will 
eliminate slag defects without benefit of skim and 
slag cores in the gating system. The runner must be 
full of iron to obtain trapping action. 


Pouring Rate as Affected by Runner Chokes 


The next test was made to determine the effect of 
runner chokes on the pouring rate and casting de- 
fects. Runners are choked to maintain constant flow 
of iron to all mold cavities and to minimize or elim- 
inate casting defects such as strain, swells, run-out 
and core wash. A runner choke is simply some point 
on the runner that has been cut down to give less 
runner cross-sectional area at that point, Two tests 
of ten molds each were run on the rocker arm pat- 
tern shown in Fig. 3. 

In the first test the molds had a skim core in the 
drag, and in the second test the skim core was not 
used. In each test five molds were made with chokes 
in the runners and five with no chokes. The results 
are shown at the top of Table 5. There were no scrap 
castings from any of the test molds, but those made 
without the skim core and not choked had more part- 
ing fin and a tendency toward strain. They also had 
the highest pouring rate. 

The total sprue post cross-sectional area is 0.371 
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sq. in., and the total runner cross-sectional area is 
0.750 sq. in. The two runners feeding only two cast- 
ings (Fig. 3) were choked down to 0.250 sq. in. The 
two runners feeding the eight castings were choked 
down to 0.222 sq. in. The total runner cross-sectional 
area was 0.472 sq. in., and even though this total area 
was larger than the sprue-post area, the pouring rate 
increased when the chokes were eliminated because 
80 pct of the iron passed through the runner cross- 
sectional area of 0.222 sq. in. 

Fifteen test molds were also made from a larger 
equipment with four differential case patterns 
mounted on it. The average results are shown at the 
bottom of Table 5. There were no casting defects. 


TABLE 5—RUNNER CHOKE TEST AVERAGES 








Minimum Total Runner Pouring Poured Pouring 
Area at Choke Location, Time, Weight, Rate, 
sq in. min Ib Ib/min 
Test No. 1 
0.472 skim core drag 0.132 18.20 138.0 
0.750 skim core drag 0.116 18.20 157.0 
0.472 no skim core 0.122 18.70 152.2 
0.750 no skim core 0.106 18.98 179.0 
Test No. 2 
Runners choked 0.658 106 161 
Runners not choked 0.644 106 165 





Sprue hole cross-sectional area was 0.371 sq. in. The 
total runner cross-sectional area leaving the base of 
the sprue post was 1.12 sq. in. This was choked down 
to a total runner cross sectional area of 0.420 sq. in. 

It is apparent from the results that removing the 
chokes had little effect on the pouring rate because 
the sprue hole area was already smaller than the run- 
ner area at the chokes, The results show that runner 
chokes control the pouring rate if they are the least 
area in the gating system. Casting defects such as 
strain, swell, run-out and core wash can be minimized 
by choking runners and reducing the pouring rate, 
and misruns can be reduced by eliminating chokes 
and increasing the pouring rate. 


Pouring Rate as Affected by Ladle Height 

The factors affecting pouring rate that have been 
discussed thus far are parts of the permanent gating 
system. In the actual pouring of the mold a variable 
to be considered is the height of the pouring spout 
above the parting line. This is controlled by the iron 
pourer, and this section is a study of the effect of 
ladle height above the parting line on the pouring 
rate. 

The ladles used at the plant are teapot type, hold- 
ing between 600 and 700 lb of iron. The ladles hang 
from the single cable of an electric hoist which is on 
an overhead monorail (Fig. 4). Horizontal move- 
ment is obtained by the iron pourer holding the ladle 
in front of him as he rides on an escalator. Vertical 
movement is obtained by pressing the up or down 
button on the electric hoist. The ladle is tilted to 
pour iron out, and as the iron level decreases, the 
ladle is tilted more. This causes the distance between 
the spout and the parting line of the mold to de- 
crease. The electric hoist makes it very easy to adjust 
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for this and maintain a uniform pouring height by 
raising the ladle. 

Three different tests were run in this investigation 
using ladle heights—spout to cope mold—of zero, 6, 
9, 12 and 18 in. The cope mold heights were kept 
constant. Zero height was obtained by pouring the 
iron into a pouring basin in the cope mold along side 
of and connected to the sprue cup hole. In this test 
55 molds of a rocker arm composite were poured. 
Twenty molds had runners choked and no skim core; 
15 had runners choked and a skim core in the drag. 
Twenty molds had no runners choked and no skim 
cores. The results of this series of tests are shown in 
Table 6. 

In the test with the runners choked and without 
skim cores, 8 pct of the castings poured from the 
zero height were misruns. No other castings showed 
defects, but those poured from the 12-in. height show- 
ed some strain and some parting fin. At 18-in. height 
the iron pourer had difficulty pouring the iron direct- 
ly into the sprue cup. 

The results of the test molds with runners choked 
and a skim core in the drag are shown next in Table 
6. (There were no molds poured from zero inches 
in this test since 8 pct of those with the skim core in 
the drag had misruns.) There were no casting defects 
detected in these 15 molds. Next in Table 6 are 
shown the results of test molds with no skim cores 
and no runner chokes. Six pct of the castings poured 
from zero inches were misrun, and castings poured 
from 6, 9 and 12 in. were strained. 

Fifteen test molds from another part using the skim 
core in the drag were poured. The results of these 
molds are shown at the bottom of Table 6. No visual 
defects were noted, although more fins or strain ten- 
dency were noticeable as pouring rate increased. 





Fig. 4—Pouring from teapot type ladle suspended from 
electric hoist on overhead monorail. 
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Fig. 5—Sxim core and where located. Top—Views and 

dimensions of skim core. Bottom, left—Skim core in the 

runner. Bottom, right—Skim core in cope (sprue cup) 
and in drag (at base of sprue post). 


Velocity equals gravity times time, and pressure 
equals height times density. When the iron enters the 
sprue-cup hole, it has gained velocity and pressure in 
falling from the ladle spout to the sprue hole. The 
iron also gains pressure and velocity dropping 
through the sprue-post hole. When it reaches the 
parting line and changes direction, the pressure and 
velocity are used to force the iron into the runners 
and into the mold cavities, 

All of the results show that increasing the pouring 
height from zero to 12 in. increases the pouring rate. 
Increasing the pouring height over 12 in. reduced the 
pouring rate slightly. The effect of increasing the 
pouring height is dependent upon the permanent gat- 
ing system, except where there is a skim core used in 
the cope. Increasing the pouring height on parts 


TABLE 6—LADLE HEIGHT TEST AVERAGES 





Ladle Height, Pouring Time, Poured Weight, Pouring Rate, 
in. min Ib Ib/min 





Test No. 1—Runners Choked—No Skim Core 


0 0.205 20.43 99.3 
6 0.136 18.63 137.0 
12 0.120 20.05 167.1 
18 0.140 20.18 144.1 
Test No. 2—Runner Choked—Skim Core Drag 
6 0.152 18.05 118.8 
9 0.138 18.85 136.6 
12 0.140 19.08 136.3 
Test No. 3—No Runners Choked—No Skim Core Drag 
0 0.170 19.29 113.5 
6 0.095 19.28 202.9 
G 0.092 19.83 215.5 
12 0.094 20.18 214.7 
Test No. 4—Molds of Different Part Using Skim Core in 
Drag Mold 
6 0.118 18.10 153.4 
9 0.100 18.03 180.3 
12 0.104 18.33 176.3 
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running with skim cores in the cope only slightly in- 
creases the pouring rate. Casting defects such as mis- 
runs and strains can be eliminated or minimized by 
increasing or decreasing the ladle height. 


Pouring Rate as Affected by Skim Cores 


The next series of tests had to do with the effect 
of skim cores on the pouring rate. Figure 5 shows the 
skim core referred to and the three methods in which 
it can be used in the gating system. It is a baked 
sand core with eight 14-in. diameter, tapered holes. 
It is used in the sprue-cup hole in the cope, at the 
base of the sprue-cup hole in the drag, or in the run- 
ner. It is used to control pouring rate and minimize 
slag defects. 

Since there were many tests and the data were quite 
lengthy, it is not published in this report. However, 
it might be interesting to discuss what the results did 
show. It is noticed that as the pouring rate increased, 
the severity of slag increased on parts prone to slag. 
Slag defects were found regardless of whether or not, 
skim cores were used. 

From the tests conducted on runner area, it was 
found that as the iron velocity in the runner de- 
creases, slag defects are minimized. Therefore, skim 
cores do not remove slag directly, but by reducing 
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the pouring rate and the iron velocity in a constant 
runner area, it allows more slag to adhere to the top 
of the runner. The skim core in the cope is the most 
effective in reducing the pouring rate, while the skim 
core in the runner is practically ineffective in reduc- 
ing the pouring rate. 

Skim cores in the gating system can be eliminated 
if other means such as smaller sprue posts or choking 
the runner are used to control pouring rate. 

Since the tests described in this article were made 
using production equipment and under production 
conditions, the conclusions are applicable. 

Many skim cores that tests showed were being used 
solely for the control of the pouring rate have been 
eliminated in this plant. This has resulted in con- 
siderable savings in materials and labor. Production 
was increased when the molder was relieved of set- 
ting the skim cores. Standard sprue-post diameters 
or runner chokes are used more extensively as con- 
trols of pouring rate. 

Pouring guide bars as shown in Fig. 4 have been 
installed on all conveyor lines. This has resulted in 
a constant pouring height since the iron pourer ad- 
justs the spout to the guide. Casting thickness varia- 
tion caused by uncontrolled ladle height has been 
virtually eliminated. 








HARDENING CHARACTERISTICS OF 
INDUCTION HEATED DUCTILE IRON 


By 


Edward P. Rowady, William J. Murphy and Joseph F. Libsch* 


ABSTRACT 


The hardening characteristics of rapidly heated ductile (sphe- 
roidal or nodular graphite) iron have been related to its isother- 
mally transformed microstructures and mechanical properties. 
To facilitate the selection of various prior structures, isothermal 
transformation diagrams of two heais of ductile iron varying 
only in silicon content were determined. The I-T diagrams in- 
clude lines representing complete ferritization. 

Response to induction hardening improves as the amount of 
pearlite in the prior structure increases, as the austenitizing 
temperature and time increase, and as the spheroidal graphite 
count increases. Completely ferritized ductile iron responded to 
hardening much more rapidly than a lot of ferritic malleable 
iron. Instantaneous response <o induction hardening appears 
possible only with pearlitic-ferritic structures which show inter- 
mediate ductility, i.e., 8-10 per cent reduction of area. Retained 
austenite occurs in the hardened structure if the austenitizing 
temperature or time are excessive. 

Silicon increases the lower critical temperature, tends to re- 
duce the time required for complete ferritization, and appears 
to retard somewhat the rate at which carbon diffuses to provide 
homogeneous and relatively high carbon austenite. 

In general, the results indicate that surface hardening ductile 
iron by induction or flame heating should provide iron castings 
with high surface hardness (R,58) and good core properties. 


Introduction 


Recent publications'? on ductile (spheroidal or 
nodular graphite) iron have reported mechanical 
properties developed by suitable heat treatment, 
which offer many interesting engineering possibili- 
ties. Among these possibilities is that of surface hard- 
ening ductile iron to provide a hard surface sup- 
ported by a ductile core of good strength. Thus in- 
duction or flame surface-hardened ductile iron may 
provide a unique combination of properties for the 
engineering application of iron castings. 

Of particular significance for surface hardening is 
the ability of ductile iron to develop a high degree 
of ductility combined with good strength. This abil- 
ity is primarily the result of special alloy additions, 
particularly magnesium,*+ which cause the graphite 


+ Of the authors, E. P. Rowady and W. J. Murphy are former 
Graduate Students, Lehigh University, and J. F. Libsch is 
Associate Professor of Metallurgy, Lehigh University, Bethlehem, 
Pa., and Consulting Metallurgist, Lepel High Frequency Labora- 
tories, Inc., New York. W. J. Murphy was International Nickel 
Company Fellow at Lehigh University 1950-1951. 
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to form in the shape of spheroids, rather than graph- 
ite flakes, when the molten iron is cooled. The meth- 
ods of adding the special agents and their influence 
have been described by a number of recent investi- 
gators.®.7,6.3 

The actual ductility and strength of ductile iron 
vary with its structure as developed by heat treat- 
ment. Maximum ductility is secured in the an- 
nealed or “ferritized’’ condition which can be ob- 
tained by heating the casting to 1600-1700 F (870- 
925 C), followed by isothermal treatment at 1300 F 
(705 C) for one or more hours. This treatment re- 
sults in a ferritic material containing spheroidal 
graphite. The properties resulting from such a heat 
treatment are: tensile strength, 65,000-75,000 psi; yield 
strength, 50,000-60,000 psi; elongation, 17-23 per cent; 
hardness, 140-180 Bhn. Incompletely ferritized cast- 
ings show lower ductility, but better strength, since 
they contain varying amounts of pearlite in the mat- 
rix. ‘Che range of properties exhibited by ductile 
iron is thus typical of core properties considered de- 
sirable in a surface hardened section. 

Surface hardening, however, requires selective heat- 
ing of the surface. This can be accomplished only 
by such rapid heating techniques as induction and 
flame heating, which minimize penetration of heat 
to the interior of the piece. Unfortunately, rapid 
heating provides a minimum of time for diffusion 
of carbon to form reasonably homogeneous austenite 
prior to quenching. Whether ductile iron structures 
showing suitable core properties can be successfully 
hardened by rapid heating is of considerable interest. 

Several studies have been made to determine the 
response of gray cast iron and pearlitic malleable iron 
to induction heating. Walton and Osborn’ studied 
the response of two quality controlled gray irons to 
short heating cycles, and concluded that matrices de- 
void of free ferrite and consisting of either fine pear- 
lite or sorbite and pearlite respond almost instatitan- 
eously. Sloan and Hays® studied the application of 
induction heating to alloy cast iron. The surface 
hardening of pearlitic malleable irons was investi- 
gated by Bush, Rote and Wood? and satisfactory re- 
sults were obtained with a variety of compositions 
and prior structures. 
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It is the purpose of the present paper to report the 
initial results of a project designed to study the hard- 
ening characteristics of rapidly heated ductile iron. 
Since the prior structure markedly influences both 
the mechanical properties and response to rapid heat- 
ing, the isothermal transformation characteristics of 
ductile iron cooled from the austenite range have also 
been studied. Although the present experiments were 
limited to heating by induction, the data are be- 
lieved useful in flame heating and welding processes 
which also involve rapid heating. 


Material 


The chemical compositions for four heats of mag- 
nesium treated ductile iron and a heat of malleable 
iron, received for use in this study, are in Table 1. 


TABLE 1—CHEMICAL COMPOSITION OF DUCTILE IRON 
HEATsS AND MALLEABLE [RON USED 








Heat T.C. Si Mn Ni , S 
K 3.42 1.87 0.32 0.75 0.034 0.01 
N 3.49 2.98 0.34 0.82 0.034 0.01 
D 3.60 2.50 0.60 1.50 0.080 — 
4 3.63 1.88 0.22 1.25 — — 
Malleable 1.68 1.25 0.25 0.050 0.050 — 





Heats:K and N, received in the form of 1-in. keel 
blocks, differ primarily in silicon content and these 
two heats were used throughout most of the investi- 
gation. Heat P was used only to determine the in- 
fluence of spheroidal graphite count upon harden- 
ing response, and was received as castings of varying 
section size. Heat D was used to study the mode of 
carbon solution by microscopic examination and to 
compare the hardening characteristics of ductile iron 
and malleable iron. 


Development of Prior Structure—Isothermal 
Transformation 


Both the response to rapid heating and the proper- 
ties of a surface hardened part depend fundamentally 
upon the prior structure or the distribution of the 
ferrite, carbide and graphite phases. It appeared de- 
sirable, therefore, to study the development of vari- 
ous prior structures in ductile iron by suitable heat 
treatment. A wide variation of prior structures is 
readily obtained by isothermal transformation at sub- 
critical temperatures after heating to form austenite. 
Furthermore, since ductile iron is often heat-treated 
commercially in this manner to develop optimum 
ductility, it was believed that isothermal transforma- 
tion diagrams indicating the progress of ferritization, 
as well as the transformation of austenite would be 
useful. Accordingly, isothermal transformation dia- 
grams were developed for Heat K, representing low 
silicon content (1.87 per cent) and Heat N, repre- 
senting high silicon content (2.98 per cent). 

Procedure: The interrupted quench method of 
Davenport and Bain! was employed. The specimens, 
approximately 4, in. thick, were cut from milled 
(Heat K) or 30 min (Heat N), and the specimens 
legs of the l-in. keel blocks. Austenitization was per- 
formed in a lead bath at 1600 F (870 C) for 15 min 
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then rapidly transferred to lead baths maintained at 
temperatures ranging from 800 to 1350 F (425-735 C) 
for isothermal transformation, followed by a brine 
quench after the desired time at the isothermal tem- 
perature. Rockwell A hardness readings and micro- 
examination were used to follow the course oi iso- 
thermal transformation, the combined observations 
being correlated to establish the I-T diagrams. 

Isothermal Transformation Diagrams: The upper 
portion of the isothermal transformation diagrams 
determined for the two heats of ductile iron are given 
in Fig. 1. The diagrams indicate not only the time 
required for the beginning and ending of austenite 
transformation, but the approximate time required 
for complete ferritization. 
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Fig. 1—Isothermal transformation diagrams for ductile 
iron; Heats K and N. 


The inclusion of lines representing the approxi- 
mate completion of ferritization is necessary in duc- 
tile iron because the initial products of austenite de- 
composition are not stable but decompose to a stable 
structure, consisting of a ferrite matrix and sphe- 
roidal graphite. This process is generally termed fer- 
ritization, and its progress is of particular interest in 
the present investigation because it markedly influ- 
ences both the properties and hardening response of 
ductile iron to rapid heating. 

In general, the shape of the curves representing the 
progress of austenite decomposition are similar to 
those for a medium or high carbon steel containing 
an appreciable amount of silicon, i.e., 9260 steel;™ 
although the nickel content of the ductile iron heats 
(.75/.83 per cent) appears to have shifted the curves 
slightly to the right. Complete transformation occurs 
in a relatively short period of time, regardless of the 
isothermal transformation temperatures studied. 

The time required for complete ferritization, on 
the other hand, may be quite long, and increases 
rapidly as the isothermal transformation temperature 
is decreased. While complete ferritization occurred 
in approximately 25 hr at 1300 F (705 C) for Heat 
K, it required 195 hr to completely ferritize this 
material at 1140 F (615 C). This is due, of course, 
to the much slower rate of diffusion for carbon at 
the lower temperatures. 

It is interesting to note from Fig. 1 that the higher 
silicon content of Heat N has raised the lower crit- 
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A—1200 F, 20.5 hr, Ra 52 


B—1350 F, 16.5 hr, Ra 50 


Fig. 3—Typical microstructure and hardness of (a) partly ferritized and (b) completely ferritized structures; Heat 
N. Nital etch. Mag. - 250x. 


ical temperature. This is in accord with results 
found on gray cast iron by other investigators.!?  Al- 
though sufficient data are lacking for accurate com- 
parison, it appears that the increased silicon con- 
tent has also reduced the time for complete ferritiza- 
tion at constant temperature. 


The actual microstructure and hardness of some 
partially transformed and completely transformed 
samples of Heat K are given in Fig. 2. The products 
shown are typical of those found in isothermal stud- 
ies of gray cast iron and pearlitic malleable cast 
iron.!*13 The products of transformation at 1330 F 
(720 C) are composed of coarse pearlite, ferrite and 
spheroidal graphite. As the temperature of isother- 
mal transformation decreases, the pearlite spacing 
becomes progressively smaller and the hardness in- 
creases. Products transformed just below the nose of 
the isothermal transformation diagram, i.e., 1000 F 
(540 C) are predominantly acicular in nature and 
have somewhat lower hardness. Flinn, Cohen and 
Chipman'* concluded from their investigation of 
acicular structures in nickel-molybdenum cast irons 
that the acicular structures formed below the nose 
of the isothermal transformation curves were typical 
of the upper portion of a range of transformation 
products nucleated by ferrite. The structures shown 
in Fig. 2 for Heat K are also characteristic of those 
found in Heat N. 

Typical microstructures and hardness values of 
partly ferritized and completely ferritized samples are 
given in Fig. 3. These structures are of Heat N; Fig- 
ure 3 (a), representing the structure of a specimen 
held at 1200 F (650 C) for 20.5 hr, and Figure 3 (b), 
a specimen held at 1350 F (735 C) for 16.5 hr. It is 
apparent that during ferritization the pearlite grad- 
ually spheroidizes and finally is eliminated by dif- 
fusion and deposition of carbon on the spheroidal 
graphite. The hardness, meanwhile, decreases very 
gradually, while the ductility increases to a maximum 
in the completely ferritized structure. The mechan- 
ical properties of the completely ferritized structure 
of Heat N, for example, are T.S. = 71,000 psi, per 
cent elongation in 34 in, = 22.2 per cent, per cent 


Red. of Area = 24.2 per cent, and impact energy ab- 
sorbed for unnotched Charpy specimen = 102 ft-lb. 


Hardening Characteristics—Response to Induction 
Heating 


Such processes as induction surface hardening, 
flame hardening and welding, involve heating to the 
austenite range and are characterized by very rapid 
heating rates and very short holding times at elevated 
temperatures. As a result, the austenite formed prior 
to cooling is not generally homogeneous, but consists 
of carbon and alloy concentration gradients which 
may markedly influence the transformation products 
and, therefore, the mechanical properties upon sub- 
sequent cooling or quenching to room  tempera- 
ture.15.16 The extent of the gradients developed de- 
pends upon a number of factors. 


Of primary importance is the prior structure, which 
determines the distance through which carbon must 
diffuse. Austenitizing temperatures are of great con- 
sequence in that higher temperatures provide more 
rapid rates of carbon solution. The effect of longer 
austenitizing times to allow greater carbon solution, 
needs no comment. Alloying elements may deter- 
mine to a great extent the prior structure, and thus 
indirectly influence response to hardening, but they 
may also affect the rates of carbon solution and dif- 
fusion at the austenitizing temperature. 

Ductile iron is particularly interesting to study in 
this connection because it contains not only the car- 
bide and ferrite phases found in steel, but spheroidal 
graphite as well. In partially and completely ferri- 
tized structures which exhibit optimum ductility, the 
graphitic spheroids may supply sufficient carbon to 
the austenite for successful hardening upon quench- 
ing, provided enough diffusion occurs in the period 
of time allowed. Naturally, the time required will 
be a maximum for fully ferritized structures. In a 
preliminary study with fully malleabilized cast iron, 
Kerr!? found that the time required for reasonable 
homogenization of austenite upon induction heating 
and holding at the austenitizing temperature was in 
the order of several minutes. Two questions, there- 
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Fig. 4—Influence of austenitizing tem- 
perature and time upon hardness of 
induction-treated specimens. Prior 
structure isothermally transformed at 
1300 F for 1 hr. Heated to 1600 F, 
1800 F and 1900 F and brine 
quenched. 


mens; 


fore, develop: (1) can fully ferritized ductile iron 
be successfully hardened by rapid heating?, and (2), 
if not, what degree of ferritization will respond to 
rapid heating to form austenite with sufficient homo- 
geneity and carbon content so that hardening will be 
successful? 

Procedure: Induction heating was chosen as the 
method for rapidly heating specimens of ductile iron 
to study hardening response. This method of heat- 
ing allows control of both temperature and time of 
heating within reasonable limits, by use of a chromel- 
alumel thermocouple whose elements are individu- 
ally welded to the surface of the specimen, and a 
modified high-speed recording instrument.!® 

The specimens used were machined from square 
rods obtained from the legs of l-in. keel blocks after 
heat treatment to establish various prior structures 
in accordance with the isothermal transformation dia- 
grams of Fig. 1. The final size of the specimens was 
3%-in. in diameter by l-in. long. 

A 30 kw high frequency converter, operating at a 
frequency of approximately 300,000 cps was em- 
ployed for induction heating. The heating coil was 
a simple solenoid, with an internal diameter of 5%- 
in. With this arrangement, specimens were heated 
to temperatures of 1600-1900 F (870-1035 C) in 4.0 
to 5.5 sec. When required, specimens were maintained 
at temperature for 10, 20 or 30 sec before quenching 
in brine. 

Hardness and microscopic examination of the 
brine-quenched samples were used to study the pro- 
gress of carbon solution and diffusion, and austenite 
homogenization. 

It should be noted that the specimens heated by 
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Fig. 5—Influence of prior structure 
on hardness of induction-heated speci- 
Heat K. Completely trans- 
formed isothermally without appre- 
ciable ferritization at temperatures 
indicated. Heated to 1600 F, 1800 F 
and 1900 F and brine quenched. 
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Fig. 6—Influence of ferritization on 
hardness of induction-heated speci- 
mens; Heat N. Isothermally trans- 
formed and ferritized at 1300 F for 
1, 2, 9 and 26 hr. Heated to 1600 F, 
1800 F and 1900 F and brine 
quenched. 


induction in the present study were small, to allow 
substantially uniform heating throughout the cross- 
section. No attempt was made to obtain a case hard- 
ened specimen in the experiments reported. 

Influence of Temperature and Time: Figure 4 shows 
the influence of austenitizing temperature and time 
upon the hardening response of rapidly heated duc- 
tile iron samples from both Heat K and Heat N. 
The results shown are for samples isothermally trans- 
formed at 1300 F (705 C) for 1 hr prior to induc- 
tion heating, and, therefore, represent structures 
formed by complete transformation of austenite to 
ferrite and pearlite (and spheroidal graphite) with 
some ferritization (Fig. 2-Ib). 

It is evident that both higher austenitizing tem- 
peratures and longer austenitizing times help to pro- 
mote maximum hardness upon quenching. This 
maximum hardness is approximately R,58 and is at- 
tained readily in Heat K in the short time (4-5.5 
sec) required for heating to 1800 F (980 C) and 
1900 F (1035 C). However, maximum hardness is 
not attained for this prior structure in Heat N at any 
temperature unless sufficient time at temperature is 
provided. 

Influence of Prior Structure — Not Appreciably Fer- 
ritized: The influence of various prior structures upon 
the quenched hardness of rapidly heated specimens 
of Heat K is shown in Fig. 5. The prior structures 
represented are for specimens isothermally trans- 
formed at 800 F (425 C) for 30 min, 1000 F (540 C) 
for 20 min, 1200 F (650 C) for 15 min and 1300 F 
(705 C) for 1 hr. These structures are characteristic 
of specimens in which the austenite has transformed 
completely but in which little ferritization has oc- 
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curred. They are similar to those shown in Fig. 2, 
Vb, IVb, IIb and Ib, respectively. 

It is apparent that all of these structures respond 
almost instantaneously to induction heating at all aus- 
tenitizing temperatures to provide maximum hard- 
ness upon quenching. The only exception is the 
structure isothermally transformed at 1300 F (705 
C), which provides low hardness after rapid heating 
to 1600 F (870 C). The decrease in hardness with 
austenitizing time at 1900 F (1035 C) is caused by re- 
tained austenite, as will be demonstrated subse- 
quently. 

The mechanical properties of the prior structures 
represented in Fig. 5 are given in Table 2. Although 
determined on duplicate tensile and unnotched 
Charpy impact specimens, these results should be con- 
sidered of an approximate nature because some evi- 
dence of flake graphite was found in microscopic ex- 
amination of Heat K, and limited material forced a 


TABLE 2—-MECHANICAL PROPERTIES OF PRIOR STRUC- 
TURES COMPLETELY TRANSFORMED ISOTHERMALLY 
WITHOUT APPRECIABLE FERRITIZATION 











Heat K 
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1300* 1 hr 87,300 9.5 84 28 56 190 
1200* 15 min 115,300 7.5 7.2 37 58 210 
1000* 20 min 128,000 5.1 $6 32 625 250 
800* 30 min 134,000 4.0 36 26 610 235 


* Represent products of isothermal transformation. 








Fig. 7—Mode of carbon solution as indicated by micro- 
scopic appearance of induction hardened ductile iron; 
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choice of undersize tensile bars, e.g., specimen diam- 
eter 34, in., gage length 34 in. The presence of flake 
graphite would decrease the per cent reduction of 
area and the per cent elongation,!® while a short 
gage length would increase the per cent elongation 
in specimens of high ductility.1° For comparison, the 
properties of a fully ferritized structure of Heat K 
are also given in Table 2. 

It will be noted from Table 2 that while the prior 
structures which respond almost instantaneously to 
induction heating do not exhibit the ductility of the 
fully ferritized structure, they nevertheless exhibit a 
substantial amount of ductility in comparison with 
ordinary gray cast iron. 

Influence of Prior Structure — Various Degrees of 
Ferritization: The hardening characteristics of prior 
structures with varying degrees of ferritization are 
illustrated for Heat N in Fig. 6. The results shown 
are for prior structures formed by isothermal trans- 
formation at 1300 F (705 C) for 1, 2, 9 and 26 hr. 
These structures contain varying proportions of the 
carbide and ferrite phase (with graphite spheroids) , 
the amount of ferrite increasing with isothermal 
holding time. The prior structures formed by hold- 
ing at 1300 F (705 C) for 9 hr and 26 hr were similar 
to those shown in Figs. 3a and 3b, respectively. Since 
Heat N tended to ferritize rapidly, even the speci- 
men held | hr at 1300 F (705 C) showed an appreci- 
able amount of ferrite. 

It is apparent from Fig. 6 that the fully ferritized 
(26 hr), and even the substantially ferritized struc- 
tures do not respond readily to rapid heating at any 
austenitizing temperature. As ferritization progresses, 
response to hardening upon heating becomes poorer 
and poorer. Only the structure isothermally trans- 
formed at 1300 F (705 C) for 1 hr shows appreciable 
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Heat D. Ferritized at 1300 F, 20 hr. Heated to 1600 F 
by induction for (a) O sec (b) 10 sec (c) 30 sec and brine 


quenched. Picral etch. Mag. - 100x. 
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hardness after heating to 1800 F (980 C) and 1900 F 
(1035 C) in 4 to 5.5 sec, and brine quenching. The 
higher the austenitizing temperature, the better is 
the response to rapid heating. 

Perhaps the outstanding observation from Fig. 6 is 
that the fully ferritized structure will develop a hard- 
ness of R,50 only after a prolonged heating cycle at 
elevated austenitizing temperatures. 


TABLE 3—MECHANICAL PROPERTIES OF PRIOR STRUC- 
TURES FERRITIZED TO VARYING DEGREES 
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The mechanical properties of the prior structures 
represented in Fig. 6 are given in Table 3. These 
properties were determined in the same manner as 
those for Heat K. All of the structures show a high 
per cent reduction of area, combined with good 
strength and impact resistance. Unfortunately, it ap- 
pears that the high ductility exhibited by these struc- 
tures cannot be utilized in very rapid heating cycles, 
but that a slightly ferritized structure with lower ac- 
companying ductility is necessary for instantaneous 
response. 

Mode of Austenite Formation 

The progress of austenite formation is depicted in 
Fig. 7, which shows the microscopic appearance of 
specimens of ductile iron (Heat D) almost completely 
ferritized and heated by induction at 1600 F (870 C) 
for (a) 0 sec, (b) 10 sec, and (c) 30 sec, followed by 
quenching in brine. It appears that any combined 
carbon, as cementite, almost immediately is trans- 
formed to austenite upon reaching the lower critical 
temperature and that thereafter austenite formation 
occurs by diffusion of carbon from the spheroidal 
graphite into the matrix. The martensite areas in 
the photomicrographs show clearly the progressive 
diffusion of carbon outward from the graphite spher- 
oids as time increases. 

Investigation of the structures of Fig. 7 at high 
magnification (1000) revealed that the martensite 
to ferrite transition zones were abrupt. The marten- 
sitic areas change suddenly to ferrite without the ap- 
pearance of any intermediate transformation prod- 
ucts. This is illustrated in Fig. 8. It is apparent from 
this photomicrograph that carbon diffusion has pro- 
ceeded irregularly, being guided perhaps by grain 
boundaries and crystallographic planes. The evidence 
presented indicates that all of the austenite formed 
in the heating cycle subsequently transformed to mar- 
tensite. Actually, it is important to note that at the 
austenitizing temperature employed both ferrite and 
austenite are present simultaneously. The effect of 
silicon on the carbon limitations of austenite is such 


that any austenite present must be relatively high 
carbon content (.3-.4 per cent).2° It appears then 
that austenite formation proceeds by the progressive 
movement of an austenite-ferrite interface from the 
graphite spheroids into the ferrite. Since the car- 
bon content of the austenite at this interface may be 
as much as .30 to .40 per cent and contains appreci- 
able amounts of nickel and silicon, it is not surpris- 
ing that the hardenability of the austenite formed is 
sufficient for it to transform to martensite upon 
quenching, thus accounting for the abrupt martensite 
to ferrite transition. 

Retained Austenite: A review of Figs. 4 and 5 in- 
dicates that a decrease in maximum hardness may 
occur in ductile iron specimens which respond read- 
ily to rapid heating if the austenitizing temperature 
is high and the time at temperature extended. The 
magnitude of this decrease may be as much as 3 to 4 
points on the R, scale, as indicated in Fig. 9, for 
specimens isothermally transformed at 800 F (425 C) 
and 1000 F (540 C) and then austenitized at 1900 F 
(1035 C) for increasing periods of time prior to 
quenching. 

The decrease in hardness appears to be definitely 
associated with the presence of retained austenite in 
the as-quenched structure. This is demonstrated by 
the effectiveness of a sub-zero cooling treatment in 
liquid nitrogen in restoring essentially maximum 
hardness (Fig. 9). 

Austenite is readily retained in ductile iron because 
the spheroidal graphite offers an almost unlimited 
source of carbon for solution in the matrix. There- 
fore, at high austenitizing temperatures, the carbon 
content of the austenite will progressively increase 
until the solubility limit is reached. High carbon 
concentration areas will then result in the retention 
of austenite upon quenching. 


Influence of Composition—Silicon Content: Figure 
10 shows the effect of silicon content upon the hard- 
ening characteristics of induction-heated ductile iron. 
All specimens were fully ferritized prior to harden- 
ing. While the influence of silicon is not large, it is 
apparent that Heat K (1.87 per cent Si) responds 





Fig. 8—Microscopic appearance of specimen in Fig. 7b, 
showing abrupt martensite-ferrite transition zones. Picrai 
etch. Mag. - 1000x. 
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more rapidly than Heat N (2.98 per cent Si), par- 
ticularly when austenitized at 1800 F (980 C). The 
lower hardness for Heat K after zero time at 1800 F 
(980 C) is due to the lower original hardness of 
Heat K as ferritized. 

It appears then, that increased silicon content re- 
tards somewhat the rate at which carbon diffuses to 
provide a homogeneous and relatively high carbon 
austenite during rapid heating. 

Comparison of Response—Ductile and Malleable 
Iron: Although the fully ferritized structures of duc- 
tile iron do not respond to rapid heating instantane- 
ously (Fig. 6), their response is unusually rapid when 
compared to that reported by Kerr’? for malleable 
iron. It appeared interesting, therefore, to actually 
compare the hardening characteristics of a lot of in- 
duction-heated ferritic malleable cast iron and com- 
pletely ferritized ductile iron. 

While the general structure of ferritic malleable 
iron and full: ferritized ductile iron is similar, the 
structure and configuration of the graphite present 
in each is actually quite different. The graphite in 
malleable iron exists as random relatively large masses 
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Fig. 11—Comparison of hardening response for induction- 
heated fully malleablilized iron and completely ferritized 
ductile iron. Austenitized at 1600 F and brine quenched. 
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with irregular and often sharp contours, whereas in 
ductile iron the graphite is in masses radially oriented 
around a common center, and exists as smooth spher- 
ical particles. The graphite in malleable iron has 
generally*4 been referred to as nodular graphite, 
while the term spheroidal graphite has been applied 
to the graphite in ductile iron. 

Unfortunately, neither the number of nodules per 
unit area, nor the composition of the malleable iron 
received, compared favorably with the composition 
and spheroidal graphite count, i.e. number of graph- 
ite spheroids per unit area, of the ductile iron. Table 
1 shows that the carbon, silicon and nickel contents 
of the malleable iron are appreciably lower than 
those in the ductile iron heat used for comparison 
(Heat D). The spheroidal graphite count of the duc- 
tile iron was found to be ten times the nodule count 
of the malleable iron. 

Figure 11 compares the results of induction hard- 
ening this lot of malleable iron and ductile iron by 
heating to 1600 F (870 C) for increasing periods of 
time and quenching in brine. It is obvious that the 
ductile iron responds much more rapidly to heating 
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Fig. 12—Effect of spheroid count on hardening response 


of fully ferritized ductile iron. Austenitized at 1800 F by 
induction heating and brine quenched; Heat P. 
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since a hardness equivalent to R,50 is obtained upon 
quenching after only 1-2 min at temperature, while 
the malleable iron does not exceed a hardness equi- 
valent to R,40 after 5 min of holding time. 

The comparatively slow response of the malleable 
iron to rapid heating is associated primarily with 
the low nodule count determined for this lot of 
material. While variations in the composition of 
the malleable iron and the ductile iron as well as a 
variation in the external shape and nature of the 
graphite particles in the two materials may have some 
effect upon the rates of carbon solution, no inferences 
may be drawn from these preliminary data. 

Effect of Spheroidal Graphite Count: Since an in- 
creased number of graphite spheroids unquestion- 
ably increases the hardening response of ductile iron 
to rapid heating by decreasing the distance through 
which carbon must diffuse, it appeared desirable to 
determine the exact influence of spheroidal graphite 
count. To isolate the effect of spheroid count, four 
samples from castings of different section size were 
heat treated to a completely ferritized condition. The 
composition of these samples is given in Table 1 as 
Heat P, while the spheroid count obtained with the 
aid of a grain size eyepiece at 100 magnifications is 
given in the legend of Fig. 12. The larger spheroid 
count is typical of castings with a small cross-section. 

The influence of spheroidal graphite count upon 
the hardening response of specimens rapidly heated 
to 1800 F (980 C) is shown in Fig. 12. It is evident 
that increased spheroid count causes a significant im- 
provement. Unfortunately, section size appears to be 
the only known factor which governs the spheroid 
count at the present time. Any development which 
could increase the number of graphite spheroids in 
a given section size would aid the response to rapid 
heating materially. 

It should be noted that both Heats K and N, used 
extensively in this study, had a spheroidal graphite 
count of the order of 4 spheroids per square inch at 
100 magnifications. 

General Discussion—Application to Induction 
and Flame Surface Hardening 

It is believed that the results presented are useful 
and necessary in predicting the possible success of 
various induction and flame heating cycles in produc- 
ing a hardened case on ductile iron castings, while 
maintaining reasonable ductility and toughness in 
the core. Since these processes involve very rapid 
heating and depend upon rapid solution of com- 
bined and graphitic carbon for successful hardening, 
it appears certain that minimum case depths will be 
achieved with high austenitizing temperatures, par- 
tially ferritized prior structures and castings where 
the spheroidal graphite count is high. While suitable 
prior structures for minimum case depths may be ob- 
tained by reference to the isothermal transformation 
diagrams, they will not provide optimum core prop- 
erties in the casting. It nevertheless appears that 
small case depths may be associated with core struic- 
tures having a tensile strength of 88,000-100,000 psi, 
an elongation of 8-10 per cent, a reduction of area of 
8-10 per cent and an unnotched Charpy impact re- 
sistance of 28 to 30 ft-lb. 








Where heavier case depths are necessary or allow- 
able, lower austenitizing temperatures and more com- 
pletely ferritized prior structures are suitable. Core 
properties with such heavy cases should show sub- 
stantially better. ductility and toughness, though low- 
er strength. However, the longer austenitizing times 
associated with heavy cases may promote the presence 
of retained austenite in the case, with consequent 
loss of hardness. 

The ultimate properties of the surface hardened 
case and the transition zone have not yet been de- 
termined except that a maximum case hardness of 
R.58 appears well established; likewise, the mechan- 
ical properties of case hardened sections with given 
core properties have not been determined. It is 
recognized that the presence of a case in service may 
have a pronounced influence upon the core proper- 
ties reported. While a study of the composition for 
best balance between response to hardening and core 
properties has not been completed, silicon at least 
has been shown to influence this balance. 


Summary and Conclusions 


1. Isothermal transformation diagrams for two 
heats of ductile (spheroidal or nodular graphite) iron 
have been developed to show the progress of austen- 
ite decomposition and ferritization, and to aid in the 
selection of various prior structures. Isothermal trans- 
formation of austenite proceeds rapidly in a manner 
similar to that for a high silicon steel, resulting in 
lamellar structures above 1000 F (540 C) and acicu- 
lar structures from 800-1000 F (425-540 C). Ferritiza- 
tion proceeds much more slowly and appears imprac- 
tical below 1200 F (650 C). 

2. The response of ductile iron to rapid heating, 
e.g. (the rate at which austenite with sufficient car- 
bon content to harden uniformly upon quenching is 
formed) improves as the amount of pearlite in the 
prior structure increases, as the austenitizing tempera- 
ture and time are increased and as the spheroidal 
graphite count is increased. Ductile iron responded 
much more rapidly than the lot ferritic malleable 
iron studied. If the austenitizing temperature or time 
are excessive retained austenite results with a cor- 
responding decrease in maximum hardness, 

3. Isothermally transformed prior structures which 
give almost instantaneous response to rapid heating 
have intermediate mechanical properties, i.e., tensile 
strength 88,000-100,000 psi, elongation 8-10 per cent 
reduction, reduction of area 8-10 per cent, unnotched 
Charpy impact resistance 28-30 ft-lb. Partially ferri- 
tized prior structures respond rapidly, though not in- 
stantaneously, and provide better ductility and tough- 
ness. Completely ferritized prior structures do not 
appear useful for case hardening processes unless very 
deep cases are required. 

4. Silicon was found to modify the isothermal 
transformation diagrams by increasing the lower crit- 
ical temperature, and tends to reduce the time re- 
quired for ferritization. Silicon also appears to re- 
tard austenitization during rapid heating to some ex- 
tent. 

5. In general, the results indicate that surface 
hardening ductile iron by induction or flame heat- 
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ing should provide iron castings with high surface 
hardness, i.e, R,.58, and unusual core properties, 
though the influence of a hardened case on core prop- 
erties has not yet been determined. Minimum case 
depths appear possible, provided suitable prior struc- 
tures are used, and the austenitizing temperature is 
sufficiently high for rapid carbon diffusion. 
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DISCUSSION 


Chairman: D. E. Krause, Gray Iron Research Institute, 
Columbus, Ohio. 

Co-Chairman: F. T. McGuire, Deere & Co., Moline, Ill. 

Recorder: D. S. EpretsHEIMeR, Missouri School of Mines, 
Rolla, Mo. 

RICHARD SCHNEIDEWIND:* The results discussed by the authors 
seem to confirm some of the work we have done on malleable 
iron. Samples of fully-annealed malleable iron containing 2.3 
carbon and 1.3 silicon were reheated at 1500 F for varying 
lengths of time after which they were removed and air 
quenched. According to the 2 per cent silicon section of the 
iron-carbon diagram presented by Greiner, Marsh, and Stough- 
ton, the higher temperature of the three-phase area is around 
1450 F. For a 1.3 per cent silicon iron it should be still lower. 
The temperature 1500 is well above the three-phase region as 
described in the literature. The samples were examined metal- 
lographically as the time of heating varied from 15 min to 100 
hr. The amount of pearlite increased rapidly at first but 
slowed down after about 1 hr. Recarburization started along 
the grain boundaries. One photomicrograph (A) is of a speci- 
men heated at 1500 for 65 min. It will be noted that the 
ferrite seems ringed with a reaction zone. Spectrographic tests 
showed that the rim and the center of the crystal both were 
alpha ferrite, but with somewhat different orientation. The 
other photomicrograph (B) is of a sample held at 1500 F for 
16 hr. After 100 hr of heating, small amounts of ferrite were 
still visible. This slow recarburization seems to be similar to 
the observations made by the authors. 


1 Professor of Metallurgical Engineering, University of Michigan, Ana 
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A GENERAL LOOK AT NON-FERROUS MOLDING SANDS 


By 


C. A. Robeck* and C. A. Sanders** 


Copper-Base and Aluminum Alloy Sands 


Introduction—Naturally-bonded fine grained sands 
have been the popular choice in the non-ferrous 
foundry, as well as in certain light-weight gray iron 
foundries that cast enamel ware, hardware, architec- 
tural tracery, ornamental fittings, memorial tablets, 
name plates, and thin gray iron plate. Only recently 
has there been a trend toward the use of synthetic or 
semi-synthetic sands in the non-ferrous foundry. 

Not all localities have suitable non-ferrous molding 
sands, so the more suitable ones are imported from 
other outside deposits. This additional freight cost 
makes them prohibitive in some areas, so substitute 
sands must be selected, or manufactured. 

Teachings—Fundamentally, non-ferrous foundries 
have been taught the use of finer, more silty-in-feel 
sand that carries its own bond. This practice has be- 
come more hereditary than practical. Non-ferrous 
foundries as a rule are not fully mechanized, they have 
limited storage space and realize that unless a certain 
amount of mechanization is available, the foundry 
cannot obtain the full economy of synthetic sands. 
However, the progressive foundryman has learned the 
value of sand control and has found it worthwhile in 
money savings by incorporating sound, basic principles 
in the sand system. 

Mr. Foundryman—To arrive at what constitutes a 
good non-ferrous molding sand is left to the opinion 
of Mr. Foundryman. He should first study the charac- 
ter of the castings that are to be produced and to 
select that base sand which furnishes the least expense 
in manufacturing satisfactory castings. Non-ferrous 
foundries as a group, cast over 2,000-3,000 alloys and 
different alloys require different base sands for the 
various groups in order to obtain best results. 

For instance, with light work such as non-ferrous 
carriage parts, unique designed automotive parts, lock- 
work, bushings, or pins, require a fine sand, lightly 
bonded and yet open enough to allow detrimental 
gases to escape. Suitable sands for this class of work 
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are perhaps more plentiful than for any other class of 
non-ferrous castings, but to apply this sand to a num- 
ber of other non-ferrous alloys results in a quandary. 
However, it is good practice to have one base sand, so 
by blending other sands to the base sand, multiple 
properties are developed. This formulates the authors’ 
advocation of proper wide grain distribution to satisfy 
foundry and metal variables. 

Finish—Albany sands, Tennessee sands, Mississippi 
sands or several other similar sands are used widely in 
non-ferrous foundries, and in making light-weight 
gray iron castings. Their performance is above re- 
proach in producing castings of “sales appeal.” How- 
ever, these fine-grained sands are considered weak 
sands and require substantial additions to the system 
to obtain standard physical properties requisite of a 
good mold. This is expensive, and progressive found- 
rymen have sought more economical methods of main- 
taining these physical properties. Blending synthetic 
mixtures into the system has been highly approved. 
However, naturally-bonded sands from Ohio to Kan- 
sas fit the purpose of many non-ferrous foundries with 
just claims for using them. Sands for brass or bronze 
demand higher dry strength, i. e., from 40-70 psi which 
is easily found in many of the naturally-bonded sands, 
yet they furnish good casting finish. 

Castings to be polished or plated need no smooth 
finish, however many alloy foundries seeking finish 
may destroy the finish in the sand blast, shot blast or 
cleaning room. To seek finish requires low permeable 
sands with good flowability which at times is danger- 
ous. Higher rammed permeabilities are better safety 
factors (within reason) and rough abrasion is not as 
closely noted. 


Synthetic Sands (1941-1945) 


During the war many bronze and aluminum found- 
ries mechanized and changed to synthetic sands. 
Aluminum foundries asked for sands with permeabil- 
ities of over 100 and successfully used them. 

The adoption of synthetic sand in lieu of naturally- 
bonded sands for non-ferrous use came about for many 
reliable reasons: 

(1) Economy and success of using synthetic sands 
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in the ferrous foundries led non-ferrous foundries to 
investigate the possibilities of using these sands. 

(2) Naturally-bonded sands are usually non-uni- 
form, as the clay content, moisture, sand grain distri- 
bution vary widely and control is difficult. The grain 
and shape of the average naturally-bonded sand is 
more complex and as a rule far less uniform from ship- 
ment to shipment. 

(3) Chemical composition varies, causing fusion 
and encourages other common casting defects. 

(4) Prohibitive transportation costs and difficulty 
in obtaining certain grades in the winter months, as 
well as constant fear of freezing of natural sands led 
investigators to seek closer and more available sand 
supply. 

(5) Fine grained naturally-bonded sands usually 
have low durability and new sand additions are ex- 
pensive. 

(6) Weak sands are usually accompanied by high 
water carrying capacity resulting in excess steam gas 
porosity and balling. This is principally due to high 
silt and inert fines in the clay content. 

(7) Synthetic sands offer controlled permeabilities, 
yet when properly distributed (sand grain) casting fin- 
ish is equally as good. Nore: Naturally-bonded sands 
with permeabilities of 10-15 may cause trouble, where- 
as synthetic sands with the same permeability are safer 
to use. Low permeabilities are not detrimental if 
gasses are not intentionally placed in the mold by 
additions of gas producing materials, or an air-suction 
gating system. 


Advantages of Using Natural Sands 


The above data points out the disadvantages of 
using naturally-bonded sand in the non-ferrous found- 
ry, yet Mr. Osborn!” explains the following good 
points of natural sands and the authors concur on 
many. 

“Surveying molding sands for the non-ferrous industries, 
naturally-bonded sands continue to be the popular choice for 
both large and small foundries. Postwar casting production 
focuses greater attention upon casting finish and the economies 
necessary in obtaining finish under competitive conditions. 
Molding and core sands assume a greater responsibility to this 
end, with many foundries seeking to reduce the use of mold 
coatings, special facings and other procedures that may have 
been more profitable under wartime systems of operation. For 
operating efficiency and simplification, it is advisable to have the 
whole heap or the entire system cquivalent to facing sands; and 
the fine texture and favorable workability of many natural 
sands makes this conveniently possible for most foundries.” 


Economy—Since all foundries have a certain amount 
of burnt core sand returning to the system, it is neces- 
sary to add a bonding material periodically to main- 
tain satisfactory working strength. A sizeable amount 
of heap sand is lost each heat at the shake-out due to 
baked, lumpy sand, fusion of the bond, etc. This sand 
loss must be replaced with new sand additions or with 
clay additions to replenish the strength. The latter 
addition is more economical. 


Actual non-ferrous operations have proven that 
many advantages appear by incorporating a small 
amount of mineral bond with the system sand. The 
addition of bentonite, or fireclay, (the mineral bond) 
to the heap sand, rebonds the entering core sand much 
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more effectively and far more economically than the 
required, larger amounts of naturally-bonded sand. 
For operating efficiency and simplicity, it is advisable 
to have the entire system equivalent to the facing sand. 

Effect of Heat—It is quite important for the found- 
ryman to know the amount of clay content in the 
naturally-bonded sand. The percentage of clay that 
enters the system affects the behavior of other proper- 
ties to a great extent. Permeability and green strength 
are but two of the factors thus affected. Different 
grades of sand represent wide ranges of clay content, 
i. e., from 8 pct to 35 pct. Some clays in natural sands 
are weaker than others. Some are affected by heat 
greater than others at 900 F, and authoritative sources 
have found many to lose from 20 pct to 60 pct of their 
original green bonding strength when heated to 900 F 
for a short time and then re-tempered. 

Most of the bonding property is lost permanently 
when heated to above 1400 F, but fortunately only a 
thin skin of the mold (except on larger castings) 
reaches those completely dehydrating temperatures. 
But in that area of sand which is heated from 400 F- 
900 F, naturally-bonded sand and some fireclays are 
partially deteriorated. Many of the more colloidal 
clays, such as Western bentonite, rehydrate more 
readily. 

Semi-Synthetic Sands—A few non-ferrous foundries 
are using semi-synthetic sands, combinations of part 
natural with “sharp” or “core sands” (unbonded), It 
has been found that bonding agents such as bentonite 
or fireclay blend with the individual sand grain read- 
ily because of their extremely fine grain size and their 
ability to “spread” in the system. However, mulling 
is advised. This is a controversial subject with many 
claims from both sides. 

Molding sands that are improperly rebonded pro- 
duce irregular volume changes. Numerous defects 
easily develop and scrap runs high. New bond addi- 
tions should be added regularly in order to furnish 
enough plastic and void space to compensate for sand 
expansion. 

Semi-synthetic sands were developed because of 
many complaints of buckles and rat-tails on flat cast- 
ing surfaces. This was not as true in non-ferrous as it 
was in gray iron, but the trend spread rapidly. As 
mechanization increases, so does the trend toward 
semi-synthetic or synthetic sands. It appears that most 
non-ferrous foundries are reluctant to make additions 
of new bonded sand, thus these expansion defects de- 
velop more easily. 

In return, naturally-bonded sand that is added to 
the synthetic mixture tends to furnish a smooth, vel- 
vety feel to the blend and helps to give an excellent 
finish to the casting. The vent wires, sponges, swabs, 
and other patch tools common to the non-ferrous job- 
bing foundry are dispensed with, as proper balance is 
restored to the system when a wider sand grain distri- 
bution is obtained by the blending. 


Balling Up—On occasions it has been found that 
when adding heavy additions of new naturally-bonded 
sand with much fines that the system tends to “ball- 
up.” The same is true if excess clay is added, or too 
much “rolling” of the sand in handling. However, 
only by adding a minute addition of mineral bond in 
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minor amounts to replace the naturally-bonded clay, 
which has been lost, can this occurrence be remedied. 
Moisture should be low and the mulling period stud- 
ied carefully, as mulling can contribute. 


How to Reduce Clay-balls 


The question is usually asked, “How can clay-balls 
be best reduced?’”” The answer is not simple, as most 
foundries have experienced this same difficulty. First 
and foremost the sand must be shipped on the dry side. 
If naturally-bonded fine sand is dug, loaded and 
shipped while wet or damp, clay balls are bound to 
occur. Try to procure the sand in dry seasons, avoid 
wet climatic seasons and less balling-up will occur. 

If however, this difficulty is experienced, try the 
following suggestions: 

(1) Work the sand as dry as conditions permit; 

(2) Keep clay content as low as possible; 

(3) Avoid excess inert fines that easily build-up in 
the system; 

(4) Constant control of ash in the sand if material 
such as seacoal is employed; 

(5) Reduce riddling to a minimum; 

(6) Avoid too much handling of the sand, except 
proper mulling time; 

(7) Avoid large additions of new sand, try to add 
minimum amount of bond with proper mulling and 
add the least amount of new sand to maintain the 
system; 

(8) Avoid long mulling and unnecessary movement 
of fine sand; 

(9) All defects which result from clay-balls in the 
system can be entirely eliminated if a facing can be 
used. 

Weak sand tends to use too much surplus moisture 
and usually stick to the pattern if the pattern is too 
hot or too cold, not matching the temperature of the 
molding sand. Proper blending and mulling of the 
naturally-bonded sand with the synthetic bonded sand 
eliminates this condition. 

Tendency to sticking in the hoppers and bins is less 
with the semi-synthetic combination than with either 
synthetic or straight naturally-bonded sands. 

Flowability is increased as synthetic bonded sands 
are added to naturally-bonded sands and the blend 
can be rammed harder. This is true as synthetic 
bonded sands have greater venting power and when 
the blend is rammed harder, the castings possess bet- 
ter finish, The molder is further assured that harmful 
gasses can escape by additional venting power. 

The blend overcomes the tendency to dry out and 
the sand is workable for longer intervals. The natu- 
rally-bonded sand gives the blend a wider range of 
moisture and less fear arises of hot sands developing 
in a small system. 

Regardless of all that has been offered, the authors 
realize that the non-ferrous industry has lagged in 
modern techniques. This is principally due to the 
man in the foundry who “knows all” and has lived 
with his little “black book.” He has been slow in 
giving out information and has been reluctant in ab- 
sorbing modern information. He still continues to dig 
his fist into the sand and come out with an answer. 
Even with the new and elaborate moisture telling de- 
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vices, he continues to dig into the sand to verify the 
findings of the machine. Good information is avail- 
able and much of it is practiced, and data usually can 
be obtained by request. 

Brinson'® used a synthetic sand mixture as facing 
from 14 in. to 14 in. thick. The facing is subse- 
quently reclaimed and reused for filler, as backing to 
the facing. He indicates the average life cycle as 30 
molds, i. e., 30 cycles passing through the reclaiming 
system. When the Navy Yard first adopted the syn- 
thetic sand, it was thought that they could use a “one 
purpose sand” but this was found impractical due to 
varying conditions with different classes of castings. 


Feasibility of "One Purpose Sand" 


Perhaps it would have been feasible to use the “one 
purpose sand” in the days passed, but in order to ob- 
tain the maximum quality in the production of pres- 
ent castings, it was found advisable to use two regular 
and five special mixtures. Each mixture was specifi- 
cally tailored to fit the chemistry and physical charac- 
teristics of the metals in the foundry. 

Brinson indicates that the reason they diverted from 
a “one purpose sand” was to overcome the handicap 
of the synthetic sand drying out too rapidly. Additions 
of dextrine, kerosene, and ethylene glycol were used 
but Brinson states that the wet burlap over the sand 
is far superior to the special mixture. As stated pre- 
viously, a semi-synthetic sand helps overcome this con- 
dition. 

High Lead Bronzes and Nickel Alloys—These alloys 
require sand of low permeability and good flow. Sands 
or sand mixtures associated with higher clay content 
and fines are used, as this type sand or mixture has 
longer water retention and helps chill the difficult set- 
ting metal thus avoiding metal penetration. Sands or 
sand mixtures of high density should be used. Mold 
pressures and mold atmospheres must be studied in 
the casting of these difficult flowing and seeking alloys. 
Nickel-silver must be treated differently, as greater 
success has been obtained with synthetic sand mix- 
tures. 

Popular Non-Ferrous Sands—To follow nature’s 
process in the manufacture of her many varieties of 
naturally-bonded sands, one must trace the geology of 
each through their various periods, usually beginning 
with post-glacial period. ; 

Most all these sands underwent an aging process 
after being deposited by the huge glaciers. Nature’s 
wind and water worked these sands to their final rest- 
ing places and then began a combination of weather- 
ing and chemical reactions in converting the various 
minerals present to their present forms. 

Albany Molding Sand—Perhaps the most widely 
known non-ferrous sand is the Albany Sand, however 
the N. J., Tenn. and Mississippi Sands have taken a 
toll of its tonnage. Albany is different from other 
sands in that it has a wide sand grain distribution 
accompanied by a clay content that has the unusual 
tendency to cling to the sand grain. The clay coating 
is difficult to wash off, as washing requires twice as 
long as with other sands, even when a strong alkali is 
present. This phenomenon is said to be partly respon- 
sible for the unusual working of Albany. It also pos- 
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sesses more organic material than most sands which 
furnishes good resilience. 


Geology of Albany Sand 


Nature began the production of Albany sand'* ages 
ago. When the great Continental Ice Sheet covered 
all of Eastern New York State as far south as Long 
Island, the process was well under way. As the great 
mass of ice swept down from the North, it picked up 
quartz rock from the Adirondacks, ground it into 
sand, mixed it with shale from the Hudson Valley; 
and then deposited the basic materials for Albany 
Molding Sand. Another important process was re- 
quired; and that took more than 20,000 years. It was 
the process of coating each individual grain with a 
clay-like substance that gives Albany sand its unusual 
bonding properties. 

The deposits occur on the terraces that border both 
shores of the Hudson and lower Mohawk rivers. Only 
a small proportion of them yield molding sand of 
choice quality. 

The area extends from Dutchess County in the 
south to the foothills of the Adirondacks. Below Al- 
bany, the deposits are confined to a comparatively 
narrow belt. North of the city, the district broadens 
out. As a rule, the molding sand deposits are sharply 
defined. They are comparatively small, most of them 
containing five acres or less. Large deposits of fifty 
acres or more are unusual. 

The typical deposit is composed of 18 or 20 in. of 
molding sand covered by 8 to 12 in. of top soil. Occa- 
sionally molding sand is found, covered by a wind- 
blown sand dune. In such deposits, the molding sand 
lies below a covering of several feet of sharp sand and 
the original layer of top soil. 

Although some Albany sands “clay substance” have 
a low fusion point, many of these natural sands pro- 
duce good finish on fine bench work such as orna- 
mental castings and stove plate. Both the sand and 
“clay substance” which compose the Albany sand 
grain seem to be completely fused at approximately 
2625 F, but of course it depends upon the amount of 
clay and grain present. 

As stated by Anselman,'5 “The Albany Sand gained 
its reputation in early days in the stove plate found- 
ries where the iron was poured at approximately 2550 
F to 2600 F and was fluid at this temperature due to 
the high phosphorus content in the metal.” However, 
today in the modern stove shop where we are pouring 
at temperatures around 2800 F, this sand is not en- 
tirely satisfactory, first because there is a fusion of the 
sand at this temperature and secondly, because it has 
too much pan material to withstand the hard ram- 
ming under mechanical methods such as jolt squeeze 
or slinger work. 

Albany Withstands Expansion Troubles 


Today a more open sand is used with a high silica 
base grain to withstand the temperature and a clay 
that is soft, not too durable, but one that will give 
the desired properties for a hard rammed sand. This 
softening, or partial fusion, at a low temperature in 
the Albany sand is what gives it its ability to with- 
stand expansion troubles, which reduces rat-tails, 
buckles or scabs. 
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America has been blessed with many deposits of 
moldings, bonded and unbonded. 

Non-ferrous foundries are well acquainted with the 
famous Albany Deposits, but bonded sands of equal 
quality are found in New Jersey, Ohio, Tennessee, 
Mississippi, California and other states. So much data 
are available on these sands that it would be unfair 
to attempt to evaluate them in this article. 


French Molding Sand 


French Molding Sand-—Many years ago foreign 
sands entered our ports as ballast on ships and were 
inexpensive to our New England foundry ancestors. 
Later, our own deposits were discovered and devel- 
oped and most of these foreign sands were forgotten 
and dispensed with. However, French molding sand 
is still sold in the U. S. A. and used faithfully by cer- 
tain craftsmen. 

Imported French molding sand is recommended for 
the manufacture of statuary work, bronze tablets, 
plaques, jewelry and ornamental castings, especially 
where fine detail and texture are required. It is best 
suited for fine ornamental bronze and brass art work, 
and most silver was cast in it. Some special mixtures 
were prepared by grinding and blending the French 
sand with small amounts of glycerine. French mold- 
ing sand is fine grained and contains approximately 
17-19 pct clay. Its permeability is satisfactory to pro- 
duce such castings. Molds may be rammed quite dense 
with this sand and it can also be oven dried for dry 
sand molding where necessary. The majority of found- 
ries using French molding sand skin-dry the mold be- 
fore casting. French molding sand is referred to as a 
fine sand, as it is similar to an Albany O or OO grade, 
but may be nearer a No. 2 Albany in the A.F.S. Classi- 
fication. It possesses exceptional flowability and the 
grains knit so well that green strength is improved. 

Some jewelry manufacturers may question the above 
data, as they purchase a much finer French molding 
sand. This is quite true, as the authors know one 
prominent importer that grinds the crude French 
sand in special mills which then shows a 35-50 pct 
A.F.S. clay content. This is not true clay, but analyzes 
as such. This ground sand gives excellent finish, espe- 
cially when treated with a glycerine. The following 
is a screen analysis of French molding sand: 


Retained on No. 100— 4.8 
Retained on No. 140— 7.0 
Retained on No. 200—22.8 
Retained on No. 270—31.8 


A.F.A. Clay 12.8 
A.F.A. Fineness Number—170.6 
Permeability 13.8 


with moisture @ 5.8% 
Green Shear — 3.1 psi as received 
Green Compression -—10.5 psi as received 


Windsor Lock Molding Sand—A prominent non- 
ferrous sand that is used in the manufacture of fine 
texture or detailed castings is the Windsor Lock sand. 
This sand is mined at Windsor Locks, Hartford Coun- 
ty, Connecticut. It contains an average of 9-10 pct 
clay (bond). This sand is very fine grain and contains 
a good percentage of loam. It is recommended for the 
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casting of small and medium bronze (fine art work) 
and aluminum castings. It works well with French 
sand and is even used in the casting of gold and 


silver. 
A typical analysis of Windsor Lock sand is as follows: 


6 Mesh — None 
, — 08% 
ie — 08% 
—. — 06% 
4.COw” — 10% 
o.|U” — 10% 
: ee — 16% 

= ” — 84% 
140 ” — 562% 
>. | nad — 18.08% 
7.” — 11.28% 
Pan — 53.88% 
A.F.S. Clay — 9.72% 


A.F.S. Grain Fineness No. 239 
Physical Properties 


Green Compressive Strength, psi — 3.5 
Green Shear Strength, psi — ae 
Permeability — 9.0 
Moisture, % — § 


Some of the raw materials used in the non-ferrous 
foundry are discussed below. 

Use of Cement—Cement molding is used in non- 
ferrous foundries particularly in intricately designed 
pressure bronzes which may leak or sweat. Cement is 
used because of its low gas forming rate and the mois- 
ture can be held below | pct. Cement molds also chill 
the metal faster, the same as in gray iron or steel prac- 
tice and thereby impart deeper and denser skin to the 
castings. The only difficulty with this class of molding 
seems to be the same for gray iron, it requires greater 
storage space and reclamation of the molding sand is 
more difficult. However, cement is sometimes selected 
as a binder because the cores can be stored for a longer 
length of time. (Refer to appended formulas.) 

Cement is commonly used as a shake-on facing to 
impart higher dry strength on the surface of the mold. 

Use of Pitch—Large non-ferrous castings such as, 
propellers, bells, return heads, etc., are cast in more 
open sand and some pitch is used to relieve certain 
strains when the heat radiates through the mold. 
Many of these larger castings require a mold wash 
and are dried in ovens preliminary to pouring. Ap- 
proximately 2 pct pitch is used as an average. Too 
much gas can be ruinous to the casting if the molding 
sand is not open, or the mold not properly vented. 

Charcoal—For extra fine brasswork suitable for 
ornamental purposes, fine ground charcoal is dusted 
on the mold surface with cement or another binder 
to furnish better finish. This unnecessary labor and 
material cost can be avoided if more care is given the 
correct density and grain distribution of the sand 
grains. 

Silicon Carbide—High heat transfer mixes are some- 
times used such as silicon carbide, where chilling is 
desired in sharp corners, fillets, around bosses, and 
similar areas. Brinson points out that some silicon 
carbide mixtures possess three-fourths of chilling 
power as solid graphite and three times that of green 
molding sand. Greater chilling is further accom- 
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plished with sand of higher density and shrinkage is 
usually decreased if properly gated. 

Wood Flour or Cellulose Materials—Non-ferrous 
foundries have found wood flour or cellulose materials 
to be advantageous in overcoming volume changes 
in sand molds, thus eliminating buckles, rat-tails, and 
scabbing action. By incorporating approximately 1-2 
pct wood flour in naturally-bonded sands or synthetic 
sands, the control to overcome rapid volume changes 
is gained. Too uniform sand promotes these defects 
as described in previous articles and a wider grain dis- 
tribution with the use of a reducing agent seems to 
improve it. 

Bentonite and Fireclay—Non-ferrous foundries us- 
ing a portion of bank sand in the system may use as 
little as 3 pct bentonite (based on the total weight of 
the bank sand in the system) and obtain the same 
strength as the naturally-bonded base sand. A strong 
tendency toward the use of a slurry is noted. Several 
non-ferrous foundries are stirring a handful of fireclay 
or bentonite into each sprinkling can full of water 
and pouring the contents on the heap, mold, or the 
shake-out sand. The orifice openings in the sprinkling 
can nozzle are enlarged to allow easier flow of the 
slurry. This tempers and re-bonds at one operation. 
It is highly advantageous and should be investigated. 

In conclusion, it is not the authors’ intention to re- 
gale the reader with advice about non-ferrous foundry 
sands, but to point out certain trends during this 
period. 

Much additional data on proper handling and 
mulling could be added, but this shall be covered 
later. 

This paper, in no way, wishes to advocate the use 
of any particular system or sand. Synthetic sand is 
advantageous when used in mechanized operation, 
whereas naturally-bonded sands are best to use where 
the least amount of care is given. The authors have 
attempted to show this clearly in a previous article 
entitled “Foundry Sands Evaluated — Naturally 
Bonded vs. Synthetic Sands,” AMERICAN FOUNDRYMAN, 
September 1948. 

The following formulas and sands are listed as ex- 
amples. However, other good sands of similar charac- 
teristics can be substituted with equal properties, as 
the choice usually depends upon the locality, avail- 
ability and delivery cost at the foundry. 


Formulas 


1. Semi-Synthetic—Very light work, part natural 
25 Ib—Bank Sand, A.F.S. Grain Fineness No. 250 
Low clay content, Less than 12 pct. 
75 1lb—Silica Sand, A.F.S, Grain Fineness, No. 90- 
120—Less than | pct clay content. 
2 lb—Southern Bentonite 
5-6 pints—Water 
Nore: Finer grade sands are powerful in their effect 
on physical properties. They close the mixture rapidly, 
but detail is excellent. The above mixture may have 
no more than a permeability of 10. The green com- 
pressive strength approximately 6-8 psi. The dry com- 
pressive strength will be under 20 psi. If a more 
open sand is desired, replace the finer bank sand with 
coarser sands. Location of the foundry determines the 
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choice of the sands selected. Use the nearest and most 
available source. 
2. Semi-Synthetic—additions of wood flour 
40 lb—Albany Sand, Tenn., N. J. or Miss.— 
Grade depends upon choice of finish 
-Silica Sands or special washed sands (Sev- 
eral suppliers), A.F.S. Grain Fineness No. 
115-150, clay (1-7 pct) 
2 I1b—Southern Bentonite 
14 lb—Wood flour (at least an 80 mesh grade) 
5 pints—Water 
Norte: One-quarter pound of cereal may be added 
if edges are brittle. Some foundries add minute 
amounts of kerosene to prevent friable edges, about | 
pint per 1000 lb of sand. Wood flour helps eliminate 
cracks, buckles, scabs, rat-tails, difficult shake-out, over 
ramming, and improves finish. This is also a good 
formula for pressure castings. 


60 Ib 


3. Mixture with Cement 

90 Ib—Silica Sand, A.F.S. Grain Fineness No. 

60-70 
10 Ib—Cement 
6-7 pints—Water 
Note: This mixture is used chiefly for Pressure 

Castings, but certain collapsible mixtures work equally 
well. In fact, some hard baked molds may crack or 
hot tear certain pressure castings. This mixture is not 
widely used but where molds or cores are desired to be 
stored for indefinite periods this mixture performs 
well. Molds or cores made from the above formula 
will stand rough handling. Many large molds or cores 
handled by crane seem to be mechanically stronger 
than other types of bonded molds or cores. 
4. Part Core Oil or Kerosene to Synthetic Sands 

75 lb—Silica Sand—A.F.S. Grain Fineness No. 


60-70 
25 Ib—Silica Sand—Ex. A.F.S. Grain Fineness 
No. 92-95 


lb—Western Bentonite 
quarts—Core Oil (Linseed, alkali-refined) 
6-7 pct—Moisture, by weight 
Permeability—20 
Green Compressive Strength—6 psi 
Green Hardness—75 
Norte: Such mixtures are used for larger castings to 
help eliminate nails and sprigging. Copes are held 
well with less dirt. Kerosene with about 20 pct resin 
added to it has been used. Molasses is used at times 
to hold surfaces and is often substituted for core oil in 
the above mixture. 


NO bo 


5. Dry Sand Mixture for Heavy Non-Ferrous Castings 
75 lb—Naturally-bonded sand, A.F.S. Grain Fine- 
ness No. 90-120, clay content approxi- 
mately 16 pct. 
25 Ib—Silica Sand—A.F.S. Grain Fineness No. 
60-70 
1 lb—Western Bentonite 
4 Ib—Pitch 
Temper with 7-8 pct molasses, glutrin or dextrin 
water. 
Bake at 450 F overnight. 
Note: When pitch is used, temper on heavy side, 
or edges will be soft and dry strength low. If mixture 
is too open, finer bonded sand should be substituted 
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for the more open naturally-bonded sand. If the mix- 
ture is too tight, open with additions of silica sand. 
6. Two good non-ferrous mixtures worth repeating 
from S. W. Brinson’s “Synthetic Sand in a Non- 
Ferrous Foundry,” The Foundry, Jan., 1947. 
(a) Anti-Buckle, percentage by weight 
67 pct—Silica Sand—A.F.S, Grain Fineness 
No. 150. 
33 pct—Silica Sand—-A.F.S. Grain Fineness 
No. 60. 
4 pct—Western Bentonite 
0.63 pct—Cereal Binders 
1.8 pct—Wood Flour 
3.9-4.1 pct—Moisture, permeability 25, green 
compressive strength 4 psi 

Norte: This mixture was created to eliminate scab- 
bing, buckling, or rat-tailing of aluminum chocks and 
covers. This mixture overcomes rapid expansion or 
other mold volume changes. 

(b) Silicon Carbide Mix, percentage by weight— 
Note: Zircon Sands may replace Sili- 
con Carbide 

100 pct—Silicon Carbide, A.F.S. Grain Fine- 
ness No. 60 
4 pct—Western Bentonite 
0.5 pct—Cereal 
1.3 pet—Truline Binder 
4.5 pct—Moisture, by wt. 

Norte: Used where chilling is desired. This is a 
very good mixture to use where sharp edges, fillets, 
bosses or hot areas are desired and where shrinkage is 
apt to occur. Areas that crack may be covered with 
the above mixture to help eliminate the problem. It 
has been found in the past, and used to a sizeable de- 
gree during the war, that metal shot and grit could be 
used in molding sand for good chilling results. 

7. Taken from “Foundry Sands and Mold Materials,” 

Report No. 1, A.F.S. No. Calif. Chapter. 

Heavy Brass and Bronze Castings 





Mission Red Heap Sand — 35 gal 
Mission Red New Sand — 10 gal 
Del Monte Sand (Fine) — 15 gal 
Southern Bentonite 1 gal 


Physical Properties 


Green Compressive Strength—4-6 psi 
Permeability —35-55 
Moisture, % —7-9 
Nore: The molds are usually sprayed or washed 
with blacking and then dried. Drying time is reduced 
with the silica sand present. 
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DISCUSSION 


Chairman: B. H. Booru, Carpenter Brothers, Inc., Mil- 
waukee. 

Co-Chairman: H. W. Dietert, Harry W. Dietert Co., Detroit. 

Recorder: F. P. GOETTMAN, Standard Sand Co., Grand Haven, 
Mich. 

S. A. Kunprat:? Was there any change in flowability of the 
sand when you substituted 1 per cent graphite for the 1 per 
cent oil? 

Mr. Roseck: No change was evident to the molders. 

Mr. Kunprat: How do you determine the residual amount 
of fuel oil in the system sand so one can control new additions? 

Mr. Roseck: We have no test; we used fuel oil for 3 to 4 
weeks during which time we relied on the judgment of the 
muller operator on how much to add. We then eliminated 
fuel oil except on one floor for one job where it is still used 
periodically. 

CHAIRMAN Bootu: Did you make an experiment on the 
effect of grain distribution? 

Mr. Roseck: In arriving at present synthetic sand we 
selected two base sands to give a 414 to 5 screen sand. 


1 Pattern Shop and Foundry Foreman, Homestead Valve Mfg. Co., 
Coraopolis, Pa. 
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VELOCITIES AND VOLUME RATES OF 
METAL FLOW IN GATING SYSTEMS 


By 


W. H. Johnson,* H. F. Bishop* and W. S. Pellini+ 


ABSTRACT 


The effects of sprue runner and finger-gate variations on the 
velocity and volume rates of metal flow from gating systems were 
determined quantitatively by a combination of photographic 
and electronic measurement techniques. The studies related to 
conditions of first stage pouring, i.e., the initial period of pour- 
ing prior to the development of back pressure, due to the rise 
of metal in the mold. The results of the investigation indicate 
that the effect of sprue height is dependent on whether the gat- 
ing system is choked or free-flowing. In general, turns and long 
runner distances act to choke the system and thus tend to pro- 
duce effects similar to geometric choking. For systems which re- 
main free-flowing the quantity of metal delivered is determined 
almost entirely Ly sprue cup conditions; flow velocities are deter- 
mined primarily by the conditions existing in runners and 
finger-gates. For choked systems volume rates are determined 
by the degree of choking and velocities are strongly influenced 
by sprue height. 


Introduction 


Previous qualitative studies'?? of metal flow from 
gating systems have indicated a general conformance 
to hydrodynamic laws. The application of these 
laws to foundry practice requires interpretation with 
respect to the principal stages of pouring, Fig. 1A 
and 1B. The initial entry (first-stage pouring) of 
metal into the mold approximates the conditions of 
a free system in that the flow is unaffected by the 
liquid metal present in the mold. As the system fills 
(second-stage pouring) a ferrostatic back pressure is 
developed and the action approximates that of a 
pressurized system. The duration of first stage pour- 
ing depends on the vertical position of the ingate 
with respect to the mold cavity. The conditions of 
first-stage pouring place a predominant importance 
on momentum and related momentum-developed 
pressure effects, Fig. 1C. 

The characteristics of the stream of molten metal 
issuing from a gating system during first stage pour- 
ing are determined by the overall design of the gat- 
ing channels which may consist of several straight, 
vertical and horizontal members and angle junctions. 
Each channel offers some degree of frictional resis- 
tance to flow and affects the momentum-pressure con- 





* Metallurgist and + Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington, D. C. 
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Fig. 1—Illustrating concepts of first and second stage 
pouring. 


ditions within the system which, in turn, affects the 
velocity and quantity of metal flow. 

The present report entails quantitative studies of 
the effects of the various gating systems on the flow 
characteristics during first stage pouring. The flow 
characteristics, as determined by the interactions of 
the component parts of a gating system comprised of 
a pouring cup, sprue, runner, and finger-gates were 
determined, in effect, by dissecting the system for 
study. Flow characteristics thru simple sprues of 
various lengths were studied first. Then a short run- 
ner was added to the sprue to introduce a change in 
flow from the vertical to the horizontal direction with 
the consequent introduction of momentum-pressure 
and frictional effects. Lengthening the runner intro- 
duced further changes in the flow stream; and the 
addition of finger-gates at right angles to the runner 
produced final modifications within the system. 


Experimental Procedures 


Molten steel at 2900 F was poured into gating 
systems of various designs made of cores and allowed 
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Fig. 2—Method for velocity determination of horizontal 
flow by photography of stream trajectory against a grid 
background. 


to empty by fall into open molds. In the case of 
horizontal flow, velocities were calculated from pho- 
tographs of the trajectory of the exit stream against 
a grid background. Figure 2 shows the experimental 
arrangement employed. In the case of vertical flow 
produced by sprue systems (no runner attached), an 
electronic-time-interval meter capable of measuring 
time intervals of 0.1 millisecond was employed to 
measure the time of fall thru the sprue, from which 
velocities were calculated. Figure 3 shows the experi- 
mental details for the vertical fall tests and also sche- 
matic illustrations of the manner in which the count- 
er is started and stopped as the falling stream com- 
pletes the two electrical circuits. Methods of cal- 
culating flow velocities for both cases are described 
in Appendix A. 

Plugger pouring cups, in which liquid metal was 
maintained at a fixed height of 4 in., were used to 
maintain a constant pressure head on the metal en- 
tering the sprue. Flow rates were determined from 
the time elapsed between the removal and _re-inser- 
tion of the plug and the weights of metal passing 
thru the system (50 to 60 lb per test). 

In selected gating systems flow conditions during 
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Fig. 3—Method of determining velocity of vertical flow 
by electronic timing of fall. 
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pouring were observed by means of radiographs tak- 
en with a flash X-ray unit, Fig. 4, capable of dis- 
charging 270 kv in 1 microsecond, 


Experimental Results 


Thermal Studies—If excessive heat loss occurs with- 
in the gating system, solid metal may form which 
would complicate the analysis of the flow pheno- 
mena observed. This possibility was investigated by 
temperature measurements along the surfaces of two 
component (sprue and runner) gating systems hav- 
ing sprue diameters of 1 in. and runner diameters 
of 1 in., 34 in. and 4 in. The measurements were 
made at the following locations: (1) sprue cup, ap- 
proximately 14 in. removed from the plug and mid- 
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Fig. 4—Flash x-ray unit. 


way with respect to the level of metal within the 
cup, (2) base of the sprue, and (3) end of the run- 
ner. The accuracy of these measurements was prob- 
ably no better than + 10 F due to the dynamic met- 
al conditions. The temperatures measured in the 
pouring cup were approximately 2900 F. No signifi- 
cant temperature drop was observed between the 
pouring cup and the base of the sprue but at the end 
of 15- to 24-in. long runners the metal temperatures 
were approximately 2800 F, indicating a 100 F tem- 
perature loss as metal flowed through the runner. 

Since temperatures of 2800 F are above the liquidus 
temperature (2775 F) of the 0.30 pct C steels used 
in these studies it is concluded that the flow channels 
in the tests were not obstructed by skin formation 
and that the metal flow characteristics were not com- 
plicated by the presence of solid particles. 

Effects of Cup and Sprue on Velocity and Volume 
Rates of Flow—The average rate of metal flow thru 
a sprue cup (no sprue attached) having a 1-in. diam 
opening was determined to be about 10 Ib per sec, 
which is considerably below the 12.1 lb per sec which 
should theoretically be obtained under the 4-in. hy- 
draulic head maintained in the sprue cup. This 
difference, which amounts to about 16.5 pct of the 
theoretical flow rate, occurred despite the fact that 
a l4-in. radius existed at the junction of the sprue 
cup reservoir and the opening. 

When sprues of various length were added to the 
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sprue cup the quantitative rates of flow, Fig. 5, were 
essentially the same as those obtained thru the sprue 
cup alone. Exit velocities from the sprue increased 
as the sprue height increased, Fig. 5, but were lower 
than the velocities calculated on a basis of free fall 
(V = \/2gh). The measured velocities were ap- 
proximately 22 pct below the theoretical regardless 
of sprue height. These velocity losses are believed 
to be due to properties of the molten metal, probably 
viscosity, rather than to any frictional turbulent ef- 
fects resulting from contact with the sprue wall, since 
the velocity of a stream falling freely for a given dis- 
tance thru the atmosphere, was determined to be the 
same as when falling the same distance thru a sprue. 
This should be expected since the metal stream is 
contracted during the fall and therefore does not 
contact the sprue walls. 

Similar flow rate determinations made on 3/-in. 
diam systems showed, Fig. 5, that the quantity of 
metal flow was 5.4 lb per sec or 20.5 pct less than the 
theoretical rate of 6.8 lb per sec which should flow 
thru a 34-in. diam orifice under a 4-in. head. The 
greater loss in these systems as compared to the I-in. 
diam systems is probably due to greater frictional re- 
sistance at the smaller sprue cup orifice. It is con- 
cluded that the velocity and quantity of metal flow- 
ing thru an open-end, constant area sprue is deter- 
mined entirely by the sprue cup conditions. 


Sprue-runner Systems 


The above experiments established the nature of 
flow through a rectilinear gating system which while 
not practical provides a basis for determining the 
effects of runners and turns in conventional gating 
systems. The next step was to determine the effects 
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sibly not significant changes in measured flow rates 
but flow velocities decrease continually as the run- 
ner length increases within this range. It can also be 
noted that as the result of changing direction and of 
flowing thru a runner the velocity and quantity of 
metal flow are less than those previously observed for 
free fall thru the sprue; the losses result primarily 
from the frictional effect of the turn at the sprue- 
runner junction. 

By considering the exit velocities from systems hav- 
ing the short 3-in. long runners the quantitative ef- 
fect of the turn on metal velocity can be approxi- 
mated. The percentage reductions in metal velocity 
and flow rates resulting from the addition of a ver- 
tical to horizontal turn to sprues of various lengths 
in l-in. diam systems are shown in Fig. 7. Even 
though the velocities thru systems having long sprues 
may be greater than thru systems having short sprues 
the velocity losses percentagewise increase with in- 
creasing sprue height. The percentage of flow rate 
losses follows an opposite trend varying from 30 pct 
with a 2-in. sprue to 6 pct with a 12-in. sprue. 

Since the volume of metal leaving the runner is 
less than that which can be delivered by the sprue 
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Fig. 8—Radiographs showing effect 
of sprue height on metal flow in equal 
area sprue-runner systems. 
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cup opening it is obvious that the sprue must even- 
tually become full. The short sprues, due to their 
small volume, become full very rapidly while the 
longer sprues, which have greater volumes, require a 
longer time. Radiographs, of the type shown in Fig. 
8, indicated that only sprues having a height of 6 to 
8 in. or less become completely full; the 8-in. sprue 
being a borderline case which becomes almost full. 
At this critical sprue height it can be noted, Fig. 9, 
by a comparison of systems having a given runner 
length that there is an inflection of flow velocities 
and flow rates. These inflections at 6 to 8-in, sprue 
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heights are reflected in the percentages of both ve- 
locity and flow rate losses at turns, Fig. 7. 

The reasons for this flow behavior are illustrated 
schematically in Fig. 10. In the system with the 6-in. 
high sprue there is a total pressure head of 10 in. 
(sprue-head plus 4-in. cup head), but when the sprue 
is lengthened to 8 or 10 in. there no longer is a 
continuous column of metal to the top of the sprue 
cup. As a result, the hydraulic head in the cup does 
not reinforce the sprue head and the effective pres- 
sure head upon the metal entering the runner must 
be less than 10 in., leading to the noted reversals. 
As sprue heights are increased further, the flow rates 
and velocities thru the runners tend to increase 
slightly. This results from the kinetic energy present 
in the falling stream, some of which is imparted to 
the column of metal at the base of the sprue, acting 
in effect as pressure head, to force metal into the 
runner. 

In l-in. diam sprue-runner systems with runners 
less than 15 in. in length no portion of the runner 
becomes completely full as can be noted by the separa- 
tion of the curves, Fig. 6, showing the measured 
flow rates and the theoretical flow rates obtainable 
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if the runner were flowing full at the measured ve- 
locity. This is also substantiated by X-ray studies, 
Fig. 11. However, as the metal flows thru the run- 
ner for greater distances, frictional effects cause ve- 
locity to continually decrease while flow rates thru 
the sprue-runner junction remain essentially constant 
with the result that the runner becomes increasingly 
more full. This is shown by the convergence of, the 
actual and theoretical flow rate curves, Fig. 6. With 
runner distances greater than 15 in. the runner be- 
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Fig. 11—Radiographs showing effect of runner length on 
metal flow in equal area sprue-runner systems. Sprue 
height constant, 4 in.; runner length varies from top to 

bottom, 3, 12 and 24 in. 
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Fig. 12—Effects of increasing runner length in equal area 
systems. 
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comes almost completely full, with consequent devel- 
opment of a back pressure which serves to reduce 
the amount of metal entering the runner from the 
sprue. Flow rates as well as flow velocities are re- 
duced as the result. Figure 12 presents schematic 
illustrations of the effects of increased runner lengths. 

The flow rate and velocities thru equal area sprue- 
runner systems having 34-in. diam, Fig. 6, indicate 


EQUAL .AREA SYSTEMS 
(EA) 


4 8 12 16 20 24 


that flow velocities are approximately 5 ft per sec 
lower in these systems than in the 1-in. diam systems 
due to greater frictional effects; the flow rates are 
necessarily much lower due to the reduced channel 
areas. The behavior of 34-in. systems is analogous to 
the l-in. systems although 34-in. runners become full 
at a slightly shorter distance from the sprue as in- 
dicated by the meeting of the measured and _ theo- 
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Fig. 14 — Differences between 
equal area and reduced area 
systems. 
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8-in. Sprue—3-in. Runner 





8-in. Sprue—12-in. Runner 


8-in. Sprue—18-in. Runuer 





1-in. Diam. Sprue—%-in. Diam. Runner 


1-in. Diam. Sprue—}-in. Diam. Runner 


Fig. 15—Photographs of exit stream. 


retical flow rate curves at a point 12 in. from the 
sprue. 

Reduced Area Sprue-Runner Systems—Velocity and 
flow rate measurements for systems having 34- and 14- 
in. diam runners attached to l-in. diam sprues are 
compared in Fig. 13 with similar data obtained from 
the l-in. diam, equal area systems. It can be noted 
from a comparison of measured flow rates with the 
theoretical, full-runner flow-rates based upon the 
measured velocities that the point at which the run- 
ner becomes full is a function of the runner diam- 
eter. As pointed out earlier the l-in. diam runner 
becomes full at a point 15 in, from the sprue, the 
34-in. diam runner becomes full at a point 12 in. 
from the sprue, and the 14-in. diam runner is essen- 
tially full at the shortest length (3 in.) tested as 
noted by the coincidence of the theoretical and actual 
flow rate curves. 

Increasing sprue heights and runner lengths in 


equal area and reduced area systems produces dif- 
ferent velocity changes thru the two systems. These 
differences and the conditions within the systems are 
depicted schematically in Fig. 14. With short sprues 
and short runners both sprues are filled completely 
and exert equal hydraulic pressures upon the metal 
entering the runner so that the exit velocities are 
essentially the same. As the runners are lengthened, 
velocities are greater thru the runner having the 
largest diameter despite the fact that both systems 
are under equal hydraulic pressures. This is due to 
the greater surface area to volume ratio of reduced 
area runners which results in greater frictional re- 
sistance which reduces flow velocity. However, when 
the sprues are long the sprue in the equal area system 
is only partially full as was described earlier, while 
the sprue attached to the reduced area runner is 
completely full as the result of the choking effect 
produced at the sprue-runner junction. Hence, in 
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Fig. 16—Summary curves for 
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the latter case there is a greater hydraulic head upon 
the system which results in higher flow velocities 
despite greater frictional resistance which is present. 

The turbulence present in the metal flowing thru 
short runners, particularly of equal area type, is re- 
flected in the irregularities of the exit streams, Fig. 
15. As the runners are lengthened or reduced in 
diameter so that they become full, smoother exit 
trajectories are observed. Reduced area systems hav- 
ing long runners develop smooth, lamellar-like exit 
flow. 

A summary of the velocities and flow rates at dif- 
ferent points in the various combinations of sprues 
and runners which have been described is presented 
in Fig. 16. The bands represent ranges obtained by 
variations in sprue heights between 4 and 12 in. In 
the reduced area sprue-runner systems the velocity 
spread in the runners is great due to wide differences 
in pressure head produced in the sprue which become 
full almost immediately after the start of pouring. 
In the equal area system where only the short sprues 
become full, the height of the sprue has only a small 
effect on metal velocity in the runner. 

It is of interest to note that the 34-in. diam, 12-in. 
long runner can deliver only 414 to 5 lb of metal 
per second when attached to a 34-in. diam sprue but 
when this same runner is attached to a l-in. diam 
sprue it can deliver up to 614 |b of metal per second. 
Practical relationships of this type may be evolved 
by consideration of the summary charts. 


Sprue Runner-Finger Gate Systems 


One Finger-Gate Systems—Flow characteristics were 
determined for 3 component systems made by the 
addition of a finger-gate to the end of and at right 
angles to the runner. The lengths of each compon- 
ent as well as the diameter of the finger-gates were 
varied systematically. The data, Fig. 17, show the 
same general trend toward increasing velocities and 
flow rates with increasing sprue height as observed 
previously for sprue-runner systems. As the finger- 
gate diameters are reduced a corresponding reduction 
of flow rates follows: the exit velocities thru systems 
having long sprues are markedly increased due to the 
greater hydraulic heads which are developed. It is 


Fig. 17—Flow velocity and flow 
rate for sprue runner-finger gate 
van & systems. 
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probable that the sprues in all systems having the 
14-in. finger-gates become completely filled almost 
immediately after the start of pouring. 

The addition of a 1-in. diam finger-gate to a 1-in. 
diam runner produces apparently anamolous velocity 
effects, Fig. 17, as the runner length is increased from 
3 to 12 in., reducing velocities when added to a 3- 
in. runner and increasing velocities when added to a 
12-in. runner. When the metal flowing thru a run- 
ner strikes the end of the runner a pressure zone is 
generated, Fig. 1. The pressure which is developed 
results in forced flow of the metal thru the nearest 
finger-gate. Since the 3-in. runner is only partially 
filled, an effective pressure zone cannot develop. In 
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the case of the 12-in. runner the conditions of a more 
completely filled channel and longer path for the 
development of momentum result in high pressuriza- 
tion at the runner-finger junction with consequent 
forced flow of metal. As a result, the difference in 
flow velocities in simple sprue-runner systems hav- 
ing 3- and 12-in. long runners are essentially elimin- 
ated by the addition of a finger-gate as can be noted 
by the similarity in the exit velocities, Fig. 17. 

Two Finger-Gate Systems—In these studies two 3/- 
in. diam finger-gates, which have a total area approxi- 
mately equal to one |-in. diam finger-gate, were em- 
ployed. One finger-gate was attached to the extrem- 
ity of the runner, the other at an intermediate posi- 
tion. As in the preceding experiments the lengths of 
the sprue, runner and finger-gates were varied. Fig- 
ure 18 shows that the quantity and velocity of metal 
flow is greatest thru the end finger-gate regardless of 
runner length or location of the intermediate finger- 
gate. Moreover, these differences are essentially con- 
stant regardless of the geometry of the gating system. 
Approximately 60 per cent of the total metal dis- 
charged flows thru the end finger at a velocity which 
is 5 ft/sec (12 pct) greater than thru the intermediate 
finger-gates. While the maximum velocity of metal 
exit is essentially the same for one finger-gate and 
two finger-gate systems (Figs. 17 and 18) the total 
quantity of metal delivered is greatest thru the two 
finger-gate system. As was the case in one finger 
systems, runner length seems to have no marked effect 
on the flow characteristics thru the fingers as can be 
noted by the similarity in the velocities and flow 
rates, Fig. 18, in systems where the only variation is 
runner length. Thus, while metal velocities thru the 
runner itself are a function of runner length these 
differences are minimized as the metal passes through 
the finger-gates. 

Four Finger Systems—In the flow studies thru sys- 
tems having four identical finger-gates, sprue and 
runner diameters were again maintained at 1 in. 
while finger-gate diameters of 34, 4, 3% and \& in. 
were employed, making the sprue area to total finger- 
gate area ratios equal to 1-2, 1-1, 1-14 and 1-Y, re- 
spectively. The finger-gate lengths in this phase of 
the work were maintained at constant lengths of 3 in. 
and were equally spaced from end to end along 12- 
in. runners. Each variation of finger-gate diameters 
was studied with sprues located both at the center 
and at one extremity of the runner. However, when 
end sprites were used, the runner was lengthened by 
2 in. at the sprue end so that the metal was required 
to travel in the horizontal plane before entering any 
of the four finger-gates. The flow rate and velocity 
measurements obtained from these systems are shown 
in Fig. 19. As has been observed in previous studies, 
increased choking at the finger-gates increases exit 
velocities and reduces the amount of metal delivered, 
but at the same time tends to equalize velocities and 
flow rates thru the finger-gates. Increased choking 
increases the average exit velocities by causing the 
runners and sprues to becoi~: full which results in 
raising the hydraulic head of the metal in the sprue. 
Since there is no further increase in velocities, either 
in systems having central or end sprues, when finger- 
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gate diameters are reduced from % to 4 in. in 
diameter it may be concluded that the systems are 
completely filled in both cases and a sprue to finger 
area ratio of 1 to 4 is required to obtain a pres- 
surized system during first stage pouring. This obser- 
vation is substantiated by a comparison of the total 
flow rates thru the various systems when sprue height 
is increased, Fig. 20. Flow rates thru systems having 
34 and 14-in. diam finger-gates do not follow a defin- 
ite trend as the sprue height is increased but show 
the fluctuations attributed earlier to lowered hydrau- 
lic heads in sprues above 6 in. in height which are 
only partially filled. Flow rates thru the systems hav- 


Fig. 18—Flow velocity and flow 
rate for sprue-runner-finger-gate 
systems; two finger-gates. 
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ing the smaller 34 and 14-in. diam finger-gates, how- 
ever, show a continuing flow rate increase with in- 
creasing sprue height which is to be expected if the 
sprues are maintained full. 

Even with the drastic choking effect produced by 
the 14-in. diam finger-gates, momentum-pressure ef- 
fects are not completely overcome as indicated by the 
tendency toward greater exit velocities thru the fin- 
ger-gates at the runner extremities, Fig. 19. Essen- 
tially equal quantities of metal are delivered thru 
each finger-gate in the center sprue system when the 
finger-gates are 34 in. in diameter and in the end 
sprue system when the finger-gates are 14 in. in dia- 
meter. Complete equalization of velocity and flow 
rates thru the four finger-gates probably can be ob- 
tained only during second stage pouring when veloc- 
ities thru the system are retarded by back pressure 
produced when the mold fills above the level of the 
finger-gate openings. 

Figure 21 presents a summation of the velocities 
and flow rates thru various sprue-runner and sprue- 
runner-finger-gate systems indicating the modifica- 
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tions resulting from the addition of various parts of 
the gating systems. The bands represent maximum 
and minimum values obtainable under sprue height 
variations of 4 to 12 in. 


Summary Conclusions 


The results of this investigation of first stage pour- 
ing conditions indicate that the effect of sprue height 
is dependent on the nature of the gating system, i.e., 
on whether the system is pressurized (choked) or 
free-flowing. Choking effects which produce a pres- 
surized condition may be developed by constrictions 
(decrease in area relationships) or by frictional ef- 
fects developed by turns and long runner distances. 
In equal area systems turns are by far the most po- 
tent variables affecting the development of choked 
conditions. Sprue height variations have relatively 
little effect on systems which remain free during 
pouring. 

The major conclusions deduced from these studies 
are as follows: 

1. The quantity of metal flow thru equal area gat- 
ing systems is governed primarily by the metal head 
in the sprue cup and size of sprue cup opening. 

2. Flow velocities thru the sprue are related to 
the metal head in the sprue cup and to the distance 
of fall within the sprue. The inherent characteristics 
(viscosity and surface tension) of molten steel reduce 
the velocity of fall to approximately 22 per cent less 
than the velocity of a freely falling body. 

3. Under 4-in. sprue cup heads, resistance to flow 
around the turn at the base of the sprue in equal 
area systems is such that it will cause sprues having 
heights of 6 to 7 in. to become completely full so 
that the hydraulic heads of both the sprue and sprue 
cup act upon the metal in the gating system. Slight 
additional increases in sprue (to 8 in.) height will 


Fig. 19—Flow velocity and flow rate for sprue-runner- 
finger-gate systems; four finger-gates. 
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Fig. 20—Flow rate vs sprue height and finger-gate diam- 
eter; four finger-gates. 


cause reduction in flow velocities due to reduced 
total head, but further sprue height increases per- 
mit the kinetic energy of the falling stream to rein- 
force the existing hydraulic head and thus increase 
flow velocities. 

4. In sprue-runner systems where the runner has 
a cross-sectional area less than that of its sprue, the 
flow resistance at the turn is increased to the extent 
that high sprues become filled; as the result greater 
hydraulic heads are developed within the sprues. 
Thus, when the sprue height exceeds 6-8 in. veloci- 
ties thru reduced area systems exceed those thru equal 
area systems. 

5. Metal flowing along a runner after leaving the 
sprue travels at a constantly diminishing velocity 
which causes the metal to “pile up”; when the flow 
distance is equal to about 15 times the runner dia- 
meter the runner becomes full. 
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6. The addition of a l-in. diam finger-gate to the 
nds of runners having lengths between 3 and 12 in., 
ias the effect of minimizing velocity variations nor- 
nally present along the length of the runner. Veloci- 
ies and flow rates thru the finger-gates of such sys- 
iems are essentially independent of runner length. 

7. The addition of two finger-gates to equal area 
sprue-runner systems produces a slight increase in 
total flow rates even though the total cross-sectional 
area of the two fingers is made equal to the runner 
area. The momentum of the stream flowing thru 
the runner causes 60 per cent of the metal to be dis- 
charged thru the finger at the runner extremity. The 
velocity thru this finger-gate is 12 pct greater than 
thru the finger nearest the sprue. 

8. In any four finger system the maximum velocity 
of the metal streams leaving the finger-gates is essen- 
tially the same regardiess of whether the sprue is 
located at the center or extremity of the runner. To- 
tal flow rates, however, are somewhat greater thru 
systems where the sprue is centrally located due to 
the shorter flow paths and less frictional resistance. 

9. Choking of four finger-gate systems by the use 
of sufficiently small fingers (SA:FA = 1:14 for sys- 
tems having central sprues and SA:FA = 1:14 for end 
sprues) causes flow thru all four fingers to become 
nearly equal. However, under these conditions metal 
velocities are high and total flow rates are low. In 
practice it would be desirable to sacrifice some de- 
gree of flow uniformity for the lower velocities and 
higher flow rates which prevail with the larger fingers. 


APPENDIX A 


To measure velocities thru sprue-runner and sprue- 
runner-finger systems, the exit stream was photo- 
graphed against a grid background during the entire 
interval of pouring on a double exposure 16-mm 
film. The procedure consisted of first photographing 
the grid under normal lighting conditions, rewind- 
ing the film and then photographing the metal stream 
at low motion setting. It was found that the charac- 
teristics of the exit stream remained essentially con- 
stant during the entire pouring cycle. Consequently, 
velocity calculations were made from one 16-mm 
frame chosen from the film strip and enlarged to 
t x 5 in. as shown in Fig. 2. 

If air resistance during fall is neglected, the hori- 
zontal component AB, Fig. 2, of the exit velocity of 
the flow stream may be assumed to be V, the actual 
velocity at the exit. The metal falls in the vertical 
direction, BC, with the acceleration of gravity. 
If a particle of metal travels from A to C in t sec- 
onds, the horizontal distance AB and the vertical 
distance BC in terms of t are expressed by (1) 
AB = Vt. and (2) BC = 4gt? = 16.1t?. Sub- 
stituting the value of t from (1) for t in (2), results 

16.1 xX AB? X& 12° 
~ %\ BC 
ond) , the equation used throughout this investigation 
for experimental velocity calculations. 

The use of equation 3 for a single velocity calcula- 
tion may result in error, due to fluctuations in the 
falling stream; for this reason a number of calcula- 


(inches per sec- 
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tions were made along the entire parabola of metal 
flow and an average was then taken. 

The experimental data obtained in the experi- 
ments were contpared to the theoretical flow veloci- 
ties and flow rates of the metal at the base of the 
sprue as determined by the use of formula (4) V = 


\V2gH and the quantity equation (5) Q = AV, in 
which 
V = Velocity in in./sec 
H = Total head in in. 
Q = Flow rate as volume; converted to lb/sec by 
suitable factors. 
A = Cross-sectional area in square inches of gov- 


erning member of gating system. 
Flow velocities in the vertical direction thru sprues 
were obtained from the measured time intervals of 
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Fig. 21—Flow rate and flow velocity summary curves. 


metal fall since velocities are directly proportional to 
time, (6) V = gt. 
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DISCUSSION 
Chairman: T. D. Stay, Reynolds Metals Co., Cleveland. 
Co-Chairman: P. J. Perro, Jr., Arrow Aluminum Castings 
Co., Cleveland. 
H. J. Fisner (Written Discussion):* As it is well-known the 
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development of the fundamental laws of fluid motion is based 
on an ideal conception of frictionless fluids and the present 
authors’ investigation is a contribution in establishing the 
extent of deviations to be expected in foundry applications 
dealing with liquid metal flow. 

In this regard there are certain points of interest in this 
paper which it is felt merit discussion. These are namely; 

1. In the section “The effect of cup and sprue on the velocity 
and volume rates of flow” it is stated that the measured 
velocities were approximately 22 per cent below the theoretical 
values regardless of sprue height and this loss was believed 
due to liquid viscosity. 

This is considered to be a valid assumption especially since 
it is recognized that the onset of liquid turbulence within the 
sprue cup during filling will further increase the apparent 
viscosity of the molten metal and thus reduce its ability to 
flow. 

However, it would be of interest to learn if any controlled 
variation in metal temperature was also found to influence flow 
rates through the sprue sizes indicated, especially since some 
correlation with viscosity data for iron-carbon alloys, over a 
range of temperature is available.* 

This further examination of temperature influence on flow 
rates would to some extent aid in assessing the contributory 
influence of known true (not apparent) viscosity changes in 
affecting flow rates in the gating systems used. This point is 
raised since it is considered” on theoretical and some experi- 
mental basis that when inertia forces (—Mass x Acceleration) 
predominate, as indicated by large Reynold’s Numbers for 
flow conditions under examination, viscosity forces may be 
neglected in influencing flow rates since they are small in 
comparison with inertia forces. 

2. It may be of interest also to mention Ruff’s® investigation 
of the running quality of liquid malleable iron and steel (by 
measurement of discharge velocities as shown in Fig. A and 
using much smaller amounts of metal in channels of 5, 6 and 
8 mm diameter) which corroborates in general the present 
authors’ results for drop in velocity in relation to length of 
channel run. 

However, he found,* contrary to expectation, that the drop 
in velocity decreased as the casting temperature was lowered. 
In other words, less resistance to velocity of flow in the runner 
at lower metal temperatures. Is this somewhat contradictory 
point corroborated with the larger channels used in the present 
work since Ruff acknowledges some doubt as to the validity of 
his explanation of the phenomena involved? 


1 Metallurgical Engineer, Physical Metallurgy Research Laboratories, De- 
partment of Mines and Technical Surveys, Ottawa, Canada. 
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Fig. A—Apparatus for the 
determination of discharge 
velocities. 


REFERENCES 

* H. Thielmann and A. Wimmer, “The Internal Friction of 
Liquid Pig-iron,” Stahl und Eisen, vol. 47, pp. 389-399 (1927). 

» Pp. P. Ewald, Th. Poschl and L, Prandtl, “The Physics of 
Solids and Fluids,” Blackie and Son Limited (1930). 

* W. Ruff, “The Running Quality of Liquid Malleable Iron 
and Steel,” Iron and Steel Inst., Carnegie Sch. Mem., vol. 25, 
pp. 1-39 (1936). 

J. G. Mezorr:* The authors are to be congratulated for their 
extensive studies of flow velocities and flow rates in sprues. 
The knowledge derived from such studies will be extremely 
valuable to practical foundrymen. 

My comments are concerned with the time element involved 
in the experimental work, about which little was said in the 
paper. I understand that flow rates and velocities were mea- 
sured at a time 2 sec after the metal started down the sprue. 

It appears to me that such measurements are subject to an 
end (or starting) effect. It would be well to clarify this point 
in the paper especially since under some conditions the veloc- 
ity and flow rates could be constantly changing. I refer to the 
conditions described in the paper wherein the runner is of 
reduced area. In this case, as the author states “it is obvious 
that the sprue must eventually become full.” 

Hence, the ferrostatic head will continually increase during 
the pour. This will result in a corresponding change in ve- 
locity and flow rates. 

The significance of these comments may lie with castings 
of considerably greater weight, the pouring of which may 
involve changing flow velocity rates more noticeable than in 
your laboratory work. However, since the purpose of your 
work is to demonstrate principles and phenomena, I think you 
would do well to comment upon the relationship of time to 
your measurements. 

MEMBER: From the paper it seems that the choke is at the 
top of the sprue, and the other choke occurs in the runner as 
the pouring continues. In the various flow rate calculations, 
at what time during the short pouring rate were these studies 
made? 

Mr. Jounson: This was done about 2 sec after the sprue and 
pouring cap had been removed. We took random exposures 
all along the motion picture film. 

Memser: Will further work be done with the shape of the 
sprue and the runners to eliminate turbulence in the systems? 
In light metals a great deal of turbulence causes oxide inclu- 
sions and entrapped gases. 

Mr. JOHNSON: This merely was a quantitative experiment 
to prove how good our qualitative experiments had been. 


2 The Dow Chemical Co., Midland, Mich. 
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SOLIDIFICATION AT CORNER AND CORE POSITIONS 


By 


F. A. Brandt,* H. F. Bishop* and W. S. Pellini; 


ABSTRACT 


The solidification -characteristics of cast steel plates joined as 
“L” and “T” sections and of bushings of various inside diam- 
eters were determined by thermal analysis. It was established 
that “L” and “T” sections require 114 and 114 longer time for 
solidification than flat plates. The solidification time of bush- 
ings is longer than that of flat plates of equivalent thickness by 
an amount which depends on the core diameter; however, the 
effect does not exceed 15 per cent, which amount is obtained 
with core diameters of 4 to 14 the wall thickness. The relation 
of geometric and effective V/SA ratios with respect to the solidi- 
fication times is discussed. The effects of casting geometry on 
the rate of heat flow from casting to sand which determine 
solidification rates are shown to be related to the features of 
divergency or convergency of heat flow patterns in the sand. 


Introduction 


Previous thermal analysis studies'?.34 have esta- 
blished quantitatively the characteristics of wall 
growth as defined by the travel of “start of freeze” 
and “end of freeze’ waves from the casting surface to 
the thermal center of the section. These studies were 
concerned with the case of plate and bar castings of 
uniform wall thickness which present the simplest 
possible problem of analysis, inasmuch as solidifica- 
tion proceeds at equal rates from opposite surfaces 
and the thermal center (last position to solidify) is 
the same as the geometric centerline. The present 
report is concerned with the case of wall growth from 
opposite surfaces which occurs at different rates due 
to differences in the rate of heat extraction from the 
respective casting-mold interfaces. Two effects may be 
expected to result from such unbalanced solidification 
conditions: 

(1) Displacement of the thermal center with re- 
spect to the geometric center. 

(2) Change of the time of final solidification. 
Quantitative information as to the nature and de- 
gree of these effects is of primary importance to 
foundry practice, inasmuch as positions of unbalanced 
solidification typified by points of junction or of 
curvature represent the positions of development of 
shrinkage, hot tearing and other casting defects. 


* Metallurgist and + Head, Metal Processing Branch, Naval 
Research Laboratory, Washington, D. C. 
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Studies of the nature of solidification and of heat 
flow were conducted for “T”’ and “L” sections and 
for bushings of various core diameters. “L” sections 
represent the case of unbalanced solidification due to 
rapid heat extraction from the external corner and 
slow heat extraction from the opposite internal cor- 
ner. ““T”’ sections represent the case of slow heat ex- 
traction from internal corners without the benefit of 
rapid heat extraction from opposite positions. Bush- 
ing, depending on the ratios of I.D. to O.D. provide 
conditions of unbalanced solidification due to differ- 
ences in rates of heat flow from convex and concave 
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Fig. 1—Test Castings Employed for Thermal Studies 
Showing Gating and Risering Practices. 
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surfaces and also conditions of insufficient sand vol- 
ume for heat absorption, as represented by small cores 
which develop heat saturation prior to completion 
of solidification. 
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Fig. 2—Thermal Gradients in “L” Section at Various 
Times After Pouring. 


Test Procedures 


The test castings represented 4-in, thick sections of 
the systems shown in Fig. 1; gating and risering ar- 
rangements are indicated in the figures. All test cast- 
ing were made of a length sufficient to essentially 
eliminate “end” and “riser’’ heat flow effects at the 
position of thermal measurements. Accordingly, the 
data are representative of conditions such that the 
section length is great compared to the wall thick- 
ness. Thermocouples were located along various crit- 
ical directions (to be described) in the plane shown 
in Fig. 1. ‘The thermal analysis techniques used have 
been described in previous reports.!:?.3 

The castings were poured with induction furnace 
steel having, with one exception indicated in the text, 
a nominal analysis of 0.25 pct C, 0.40 pct Si, 0.60 pct 
Mn with 0.10 pct Al added to the ladle for deoxida- 
tion. The molds were air dried and made with an 
A.F.S. No. 80 silica sand bonded with 3 pct water, 3 
pct bentonite, 0.5 pct cereal and 1.5 pct dextrine. 
Pouring temperatures ranged from 2850 to 2900 F. 
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Fig. 4—Progression of “End of Freeze” Wave Contour in 
Solidifying “L” and “T” Sections. 
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Fig. 5—Progression of “End of Freeze” Wave Along the 
Paths Indicated. 


Solidification of "L" and "T" Sections 


Approximately 70 cooling curves were obtained at 
the various “L” and ‘“T” section locations indicated 
by Figs. 2 and $3. The conditions of solidification as 
represented by isochrones are shown in Fig. 4. The 
areas on the mold side of the iso- 
chrones indicate completely solid 
metal while the center areas indi- 
cate metal which is partially liquid 
(mushy state). The rate and ex- 
tent of movement of the “end of 


PATH CF 

















- F 70 “sac ania pe 
Sverre es os ame e550 Cw tutitil phi titi | freeze” waves from various critical 
0123431 2 8 o 12 3 4 01234 5 positions are indicated in Fig. 5. 
IN. FROM G IN. FROM J IN. FROM M IN. FROM C The relative effects of the inter- 
eam ev PATH BA PATH DC nal and external corners may be 
i 2750 °F a K M F deduced by comparison with the 
a a ait 39 Pa rates of solidification from the lat- 
-50 50 ' ' - eral surfaces of flat plate. Except 
H ' 7 . a » 
- 2650 70 ee _H for the last several minutes of 
70 2600 the freezing interval, the rate of 
ren oe oe oe oe oe 2550 Pg solidification from thé external 
ci 2340123 Oo |! 2 ~ati----2 ee 
IN. FROM G IN.FROMB IN. FROM D 
-B Fig. 3—Thermal Gradients 
4" in “T” Sections at Various 
Times After Pouring. 











ini 


'. A. BrRanptT, H. F. Bishop ANp W. S. PELLINI 


corner is approximately three times greater than for 
the case of the flat plate. At 20 min, for example, 
there is a completely solid skin to approximately 1.5 
in. from the external corner and approximately 0.5 
in. from the flat surface. In the case of the internal 
corner a completely solid skin is not developed until 
approximately 50 min. Very soon after pouring the 
internal corner becomes essentially ineffective in re- 
moving heat and contributes relatively little to process 
of heat extraction during remainder of solidification. 

The position of final solidification in the “L” sec- 
tion is located approximately 0.5 in. from the internal 
corner along a line in the direction of the external 
corner. In the case of the ““T”’ section this position is 
located along the center-line of the vertical leg. The 
vertical leg provides the final point of solidification 
inasmuch as the solidification of the two horizontal 
legs at locations near the joint is always in a more 
advanced stage than corresponding positions in the 
vertical leg. This behavior results from the fact that 
the solidification of the horizontal legs near the junc- 
tion is influenced by only one surface of slow heat 
loss while the vertical leg is influenced by two such 
surfaces. In the case of the “L” section each leg is 
influenced equally in this respect with the result that 
an equivalent delay in solidification is developed in 
each leg; accordingly, the last position to solidify is 
located at the geometric junction of the two legs. 

It should be noted that the position of shrinkage 
which may be developed in a hot spot region is not 
the position of final solidification. Because of gravity 
the remaining liquid drains to the bottom of the hot 
spot region and the shrinkage void develops at a posi- 
tion which is located directly above the last position 
of solidification. Thus, depending on the orientation 
of the ““T”’ section with respect to the vertical direc- 
tion, the shrinkage void will be developed either in 
the vertical leg side of the hot spot or in the hori- 
zontal leg side. 

The relative solidification times of a 4-in. thick flat 
plate and of the 4-in. thick “L” and “T”’ sections are 
48, 62 and 72 min respectively. Thus, the solidifica- 
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tion times which may be calculated for flat plates by 
volume to surface area relationships (V/SA) require 
empirical adjustment by factors of 1144 and 11% re- 
spectively for flat plate sections joined in “L” and 
“T” combinations. This information provides a basis 
for the adjustment of riser size at such positions. 


Solidification in Bushings 


The thermal gradients developed during the solidi- 
fication of 4-in. thick bushings having core diameters 
of 2, 4, 8 and 16 in. are shown in Fig. 6. It can be 
noted for the casting with the smallest core (2-in. 
diam) that after approximately 30 min the gradients 
over the entire section slope toward the outer surface 
of the casting indicating that essentially all of the 
heat is leaving the casting thru the mold surface. 
This same condition occurs in the casting with the 
{-in. diam core although it does not begin until ap- 
proximately 40 min after pouring. The 8- and 16- 
in. diam cores continue to extract heat from the cast- 
ing during the entire solidification period as indicated 
by the gradient slopes in the metal adjacent to the 
core surfaces. However, near the end of solidifica- 
tion the gradients are milder in the metal adjacent 
to the core than they are in the metal adjacent to the 
mold indicating a more rapid rate of heat flow into 
the mold. 

The progression characteristics of the “end of 
freeze’ curves from the core and mold surfaces are 
shown in Fig. 7. For comparison purposes similar 
data are presented for a 4-in. thick flat plate which 
may be considered as a bushing having an infinitely 
large core diameter and for a cylinder of 8-in. diam 
which may be considered as a bushing of infinitely 
small core diameter. 

It is observed that the symmetrical solidification 
characteristics of the flat plate are not developed even 
in the bushing with the 16-in. diam core. The rate 
of wall growth from the subject core surface is mark- 
edly slower than from the mold surface with the re- 
sult that the thermal center is displaced approxi- 
mately 0.5 in. from the geometric center in the direc- 
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Fig. 7—Progression of “End of Freeze” Waves in Bushing 
Walls. 


tion of the core. As the core diameter is decreased 
to 8 in. the rate of solidification from the mold sur- 
faces increases while the rate from the core surfaces 
shows a further decrease. While a completely solid 
skin is not formed adjacent to the 8-in. diam core 
until approximately 50 min after pouring, heat is 
being continually extracted by the core during the 
entire solidification cycle. The effect of this heat 
transfer is to increase the solid to liquid ratio in the 
metal adjacent to the core as can be observed by the 
fact that the gradient curves for this casting, Fig. 6, 
are constantly approaching the solidus line. When a 
completely solid skin finally does form at the surface 
the conditions of solidification in the adjacent por- 
tions are sufficiently advanced to permit a rapid 
“sweep” of the “end of freeze’ wave during the time 
of 50-58 min. The rapid sweep is characteristic of 
movement of “end of freeze” waves through regions 
in which very little liquid remains to be solidified. 
At this time the “end of freeze’’ waves from the mold 
surface also enters a period of fast “sweep” through 
similar nearly solidified regions. The opposite waves 
effect a junction at a position approximately 34 in. 
from the core surface indicating a displacement of 
thermal center of 114 in. from geometric center. 

In the case of the 4-in. and 2-in. diam cores the 
delay in developing a completely solid skin at the 
core surface is sufficiently long to permit the “end of 
freeze’’ wave from the mold surface to reach the core 
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Fig. 8—Relation of Solidification Time to Core Diameter. 


Fig. 9—Thermal Gradients Within Sand Cores During 
Solidification of the 4-In. Thick Steel Walls Surrounding 
Them. 


surface. Accordingly, the position of final solidifica- 
tion is located at the core surface, representing a com- 
plete shift of the thermal center from the geometric 
center to the surface. 

The “end of freeze’’ times at the thermal center 
positions for the various castings indicate the final 
times of solidification. The plot of final solidifica- 
tion times vs core diameter, Fig. 8, shows that the 
16-in. diam bushing closely approaches the behavior 
of a flat plate. The difference of 8 pct in solidifica- 
tion time (48 min for plate, 52 min for 16-in. diam 
bushing) indicates that the more rapid rate of heat 
extraction from the mold surface does not completely 
offset the slower rate of heat extraction from the core. 
This effect is not due to insufficiency of sand in the 
core inasmuch as the center of the core was not heated 
appreciably above room temperature at the time of 
final solidification. 

Effects related to insufficiency of sand are clearly 
evident for the case of the 4- and 2-in. diam cores, 
Fig. 9, as may be observed from the fact that the 
temperatures of near center positions of the core rise 
rapidly during solidification. The 4-in. diam core 
closely approaches heat saturation during the last 10 
min of solidification; the 2-in. diam core becomes 
completely saturated approximately 10 min after 
pouring at which time it must be considered to be 
completely ineffective for further heat removal. In 
fact, during the last 15-20 min of solidification the 
thermal gradients in the 2-in. diam core slope from 
the center to the core surface indicating that heat 
which was absorbed earlier when the casting inter- 
face was at a higher temperature is returned to the 
casting. While the heat removed by the 2-in. diam 
core is insufficient to cause an “end of freeze” wave to 
originate at the core surface, it does increase the solid 
to liquid ratio in the metal adjacent to the core. It 
was calculated from the heat constants of the sand 
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Fig. 10 —Isotherms in Sand Adjacent to Internal and 
External Corners During Solidification of “L” Section. 


and metal that the heat absorbed by the core is sufh- 
cient to cause solidification of approximately 5 pct 
of the total liquid metal volume. Inasmuch as the 
core surface area comprises approximately 17 pct of 
the total surface area of the casting it is indicated 
that the effective surface area of the core is only 30 
pet of the geometric surface area. Accordingly the 
mold must assume a greater heat burden to compen- 
sate for the inadequacy of the core, which is a major 
factor in prolonging the time of final solidification. 
Similar calculations for the system with the 4-in. diam 
core indicated that the effective surface area of the 
core is 57 pct of the geometric surface area. 

The relationships plotted in Fig. 8 indicate that as 
the core diameter is decreased to zero value a reversal 
in the trends of solidification time is obtained. These 
data provide a basis for empirical adjustment of the 
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If the effective V/SA ratio of a flat plate is taken as 
equivalent to the geometric ratio (V/SA = 2) the 
effective V/SA ratios of the various forms (all of 
which have geometric ratios V/SA = 2) are as in- 
dicated in the subject figure. As a practical approxi- 
mation for calculation of freezing times, bushings 
having core diameters greater than twice the wall 
thickness (8 in.) may be considered to solidify essen- 
tially as a flat plate of equivalent wall thickness, 
while bushings of core diameters less than twice the 
wall thickness may be considered to solidify essen- 
tially as cylinders of radius equal to the wall thick- 
ness. 
Heat Flow in Sand 

The wide variations in rates of wall growth solidi- 
fication which have been observed for the various 
types of casting surfaces indicate similar variations in 
the rates of heat transfer from the casting surface to 
the adjacent sand. The factors which determine the 
rate of heat passage to the sand from each unit area 
of casting surface may be deduced from consideration 
of the effects of geometry on the path of heat flow 
and gradients developed in the sand and from the 
known heat transfer characteristics of sand. The path 
of heat flow may be deduced from the contour of the 
temperature isotherms inasmuch as the direction of 
heat flow is normal to the isotherm lines. The rate 
of heat flow may be deduced from the steepness of 
the thermal gradients as indicated by the relative 
spacing of the isotherms; close spacing indicates steep 
gradients. Figure 10 provides the data required for 
analysis of the path and rate of heat flow for internal 
and external corners. The thermal gradients shown 
in Fig. 9 provide the only data required for the case 
of the bushings, inasmuch as geometric consideration 
dictate circular symmetry for isotherm contours. 

Figure 1] presents schematic illustrations of the na- 
ture of isotherms, both as to contour and spacing, as 
indicated by analysis of the subject data for the vari- 
ous types of casting geometries. At external corners 
and convex surfaces the path of heat flow is divergent, 
which provides for greater area of sand for heat pas- 
sage and greater volume for heat absorption at posi- 
tions farther removed from the interface. For the 
case of internal corners and concave surfaces heat 
flow takes a converging path which provides for de- 
creasing area and volume relationships. The geo- 
metric relationships which establish conditions of 
divergence or convergence of heat flow determine the 
rate of heat flow from the casting surfaces, inasmuch 
as the sand temperature gradients which result are 
established by these factors. 

The development of generalized concepts of the 
effect of geometric relationships on the rate of heat 
transfer from casting to sand requires an initial con- 
sideration of the basic nature of the heat transfer 
characteristics of sand. In comparison to steel, sand 
is a very poor heat conductor and as a result the in- 
terface sand approaches closely the temperature of 
the casting interface. Effectively, this represents a 
“piling up’”’ of heat at a point of abrupt change from 
high to low conductivity. It is also characteristic of 
sand that the conductivity increases rapidly with in- 
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creasing temperature.*° The increase is due to the 
fact that heat transfer at the higher temperatures is 
for the most part by radiation from surface to sur- 
face of the individual sand grains; the efficiency of 
such a form of heat transfer increases markedly as 
the temperature of the radiating surfaces increases. 
Thus, at positions near the casting interface the po- 
tential heat transfer capacity of the sand is consid- 
erably higher than that of the colder sand farthe1 
removed from the interface. For example, the con- 
ductivity of sand at near-casting temperatures may be 
effectively three times greater, depending on the type 
of sand, than that of the same sand at temperatures 
below the visible “red heat” range of 1000-1200 F. 
The relative heat transfer characteristics of the hot 
metal and sand accordingly may be in the ratio of 
6-1, depending on the type of sand, rather than 18-1 
as indicated by consideration of room-temperature 
thermal constants obtained from handbooks. The de- 
gree to which the “hot” conductivity of the interface 
sand may be utilized to transfer heat from the cast- 
ing surface is determined by the heat flow patterns 
in the adjoining colder, lower conductivity sand. If 
an expanding volume of colder sand is provided, a 
greater amount of heat may be accepted for storage 
(specific heat) and for passage (increased path for 
heat flow) than for the case of a constricting volume 
of sand. Accordingly, steeper gradients will be esta- 
blished in the high conductivity layer with resulting 
greater rate of heat flow from the casting for the case 
of expanding volume. 

The various geometric forms of casting surfaces 
shown in Fig. 11 are grouped in descending order of 
heat transfer characteristics. The most rapid rate of 
solidification is indicated for the external corner in- 
asmuch as the greatest degree of heat flow divergency 
is established by such a geometric form; accordingly, 
the temperature gradients in the near-interface sand 
have the highest value thus resulting in the most 
rapid rate of heat transfer across the casting-sand 
interface. The slowest rate of solidification is indi- 
cated for the case of the small core inasmuch as the 
extreme convergency coupled with insufficient sand 
volume (for the wall thickness involved) results in 
heat saturation at very early times. After this condi- 
tion is reached the temperature gradient condition 
becomes of zero value; at this stage the potential heat 
transfer properties of the hot sand cannot be utilized 
for the transfer of heat from the casting. 
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USE OF STANDARDS IN CONTROLLING COSTS 





By 
Wm. Busby* 

The purpose of this paper is to convey some idea of a consulting management engineering firm en- 
of the tremendous cost reduction potential that the gaged in installing management techniques in com- 
writer believes the development and use of stand- panies representing a number of different manutfac- 
ards in the foundry industry can high light and thus turing industries. As an engineer, it was his privilege 
make possible. The writer uses the word “standards” to work with a large number of these companies 
here in its broadest sense. A standard is simply a ranging from a manufacturer of poultry health rem- 
means of measurement and thus a means of com- edies to a large motor car manufacturer. The most 
parison. impressive thing to him was in each case, no matter 

The title of this paper, “Use of Standards in Con- how poor their operation might be in general, there 
trolling Costs,” has been chosen reluctantly. Actually, was always one process or one procedure or one oper- 
the most elaborate standard costs installation does ab- ation which was outstanding. It was beautiful in the 
solutely nothing about controlling costs. The plant way it operated and usually far surpassed in quality 
manager, the superintendent and more important or low cost or effectiveness anything which the writer 
perhaps than these the line foremen are the ones who had seen before in that line or in other words, his 
actually do or do not control costs. And how about personal “standard” for that particular type of oper- 
that “control” costs? The writer heard cost account- ation or procedure. 
ants compare cost control with driving an automo- Effect of Good Incentive System 
bile. The car starts for the side of the road they say There were many examples of this but the writer 
and you control the car by turning it back into the will mention only ‘twa. During the war the writer 
trafic lane. Then as it tends to cross the center line was sent to a gas mask manufacturing plant. When 
you again control the car and again turn it into the he first walked down the production lines, he was 
lane. This technique implies keeping the car in line utterly amazed at the speed and skill with which the 
and by analogy keeping costs in line. operations were performed. The writer had been 

If you have thought very much about cost control, led to believe by his experience that under a good 
you are not interested in merely controlling costs as incentive plan one might find an occasional gifted 
such. You want to eliminate them entirely or if that worker who could attain a performance level of 170 
does not prove possible, you want to reduce them as per cent of standard, or above. Imagine his surprise 
much as you can. Because by that means and that when he found that these girls were averaging 175 
means only, can we meet competition, put aside a per cent to standard day after day on good, well main- 
little profit and by so doing raise the American stand- tained standards. This had been accomplished by an 
ard of living. aggressive, smart and capable management through 

Now that we examined the “in controlling costs” the use of well designed applicant testing technique 
part of the title, let us now examine the “use of stand- and excellent training methods. 
ards” part. Too often we tend to think of a stand- A large laundry in the middle west had not one, 
ard in terms of something which is “par for the but 16, shirt finishers averaging 38 shirts per operator 
course,” or perhaps in a high task standard, particu- per hour with a high operator turning out up to 45 
larly the ultimate or irreducible minimum. shirts per hour when the country wide average for 

A prominent Certified Public Accountant described that type of equipment was about 24 shirts. It had 
this = 3S “tendency to look upon standards, once set, taken the superintendent over three years to attain 
as veritable anchors of absolute truth.” that department average and you can bet he did not 

For a number of years, the writer was a member spend one minute of that time concerning himself 

ae that the usual time study standard for that operation 

*Supt., Industrial Engineering, Texas Foundries, Inc., Lufkin, was 24-25 shirts per hour. He was not controlling 
Texas. costs, he was reducing them by careful layout, work 
53-44 457 





458 


arrangement, and selection and training of employees. 

Shortly after the writer became affiliated with his 
present company the plant installed an overhead sand 
system for squeezer molding. The resultant reduc- 
tion of work of shoveling was to pay for the installa- 
tion by allowing an increase in production of 30 per 
cent. Except for overhead sand, the layouts of the 
work station were to be essentially the same as be- 
fore. Several months of study by the plant manager, 
the foundry superintendent, the industrial engineer 
and others resulted in an average increase in produc- 
tion of not 30 per cent but 76 per cent. 

The writer knows of a foundry that reduced their 
man hours per ton over a three year period by ex- 
actly 50 per cent with little cost for expensive equip- 
ment. The author is sure they accomplished it by use 
of standards but not by standard that they looked at 
as veritable anchors of absolute truth. 

The writer's purpose in citing these cases is two 
fold. They serve to point out and emphasize the 
following facts: 

1. Effective cost control is cost reduction effected 
by smart management, and 

2. Standards are essential not as a par but as a 
comparison to measure accomplishment made by 
management. 

Now the author should like to discuss operations 
at his plant in using standards as a means of compari- 
son in a cost control program. Before discussing this 
program itself, however, it would be well to briefly 
explain the type of problem we have at the plant. 
We are strictly a jobbing foundry producing malle- 
able iron castings. There are approximately 350 
hourly paid employees and our 1951 shipments 
amounted to 11,000 tons. There are about 100 differ- 
ent patterns run in the foundry each week and 
seldom is a pattern run for over a week. Since we are 
the only malleable jobbing plant south of St. Louis 
and east of California we supply many relatively 
small users of malleable castings. Only recently we 
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ran several patterns for a customer who had not 
ordered for four years and who now has another 
four year’s stock of castings. This is, of course, the ex- 
ception but it does serve to illustrate the need on the 
part of all concerned to do their job right the first 
time around because there often is no second chance. 


Direct Labor Costs 


The first item to be included in a cost control pro- 
gram is that of direct labor and it is in this area that 
most of the standards work has been done in industry. 
Once methods, work place and materials have been 
standardized, it is a relatively easy matter to estab- 
lish production standards on the operation involved. 
This we have done at our plant. We have elemental 
time study data on core making, molding and grind- 
ing and finishing operations which enables us to set 
production standards on virtually all jobs which are 
run. We have piece rate incentives based upon these 
production standards. Since most day work opera- 
tions average about 75 per cent performance to 
standard and incentive workers perform at an aver- 
age of 130 per cent, it is easy to see the cost reduc- 
tion potential in an incentive application to the 
company and the 30 per cent increase in wages the 
worker receives as his share of the increase in pro- 
duction is beneficial to all concerned. 

We issue a weekly direct labor control report which 
summarizes for the foreman the results of his opera- 
tion. Table | illustrates this control report for our 
molding department for the week of July 21, 1952. 
In the first column on the left are the days of the 
week. The second column is for the total hours 
worked by all direct labor operators and the succeed- 
ing columns indicate just how those hours were used. 

You will note that there are 178 hr of indirect 
labor and 131.92 hr of direct day work. We allow 
and pay all workers for a 20-min canteen period 
daily. This is included in the indirect labor hours. 
A large portion of the direct day work is made up 


TABLE 1—DEPARTMENTAL CONTROL REPORT (MOLDING) 





Day Work Hours 


On Standard Standard Hours Performance 

















Period Ending 
Date 7-27-52 Total Hours Indirect Direct Hours % to Total Earned to Standard 
7-21-52 254.00 35.86 21.32 196.82 77.5 257.22 131% 
7-22-52 274.20 42.42 46.20 185.58 67.7 265.81 143% 
7-23-52 282.70 43.94 36.86 201.90 71.4 287.55 142%, 
7-24-52 261.30 47.76 27.54 186.00 71.2 276.85 149%, 
7-25-52 8.00 8.00 —0— —0— —0— —0— —0— 
7-26-52 1.00 1.00 —0— —0— —O— —0— =— = 
Total 1,081.20 178.98 131.92 770.30 71.2 1,087.43 141% 
Allowances and Expenses 
Fall Wait Wait Wait Canteen Machine Short Faulty All J to 
Down Material Repair Job Allowance Change Rework Run Process Others ‘Total Standard 
7-21-52 $—O—  $ 3.78 $ 8.44 $—O— $—O— $10.33 $—0— $—O— $ 2.75 $ 5.93 $31.18 7.9% 
7-22-52 —0- 1.41 10.88 —0— —0— 9.56 —0— —0— 2.42 6.91 31.18 7.6% 
7-23-52 —0— 1.75 5.72 —0— —0— 17.24 —0— —0— 4.55 22.08 51.34 11.6% 
7-24-52 —0— 3.00 2.89 —0— —0— 6.54 —0— —0— 2.33 16.73 31.49 74% 
7-25-52 —0— —0— —0— —0— —o. —0.. —0— —0— —0— —0— —O— — 0 
7-26-52 —0— —0— —0— —0— —0— —0— —0— —0— —0— —I0— —Oo- —0 
—0— 9.89 27.93 —0— —0_ 43.67 —0— —0— 12.05 51.65 145.19 8.6% 
Add Finishing Excess due to Bad Molds ($45.38). 45.38 45.38 2.7% 
Add Finishing Excess due to Bad Fdry. Practice ($9.44) 9.44 9.44 6% 
—0- 9.89 27.93 —0— —0— 43.67 —0— —0— 66.87 51.65 200.01 11.9% 
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by the time worked on sample and extremely short 
runs. The “on standard” columns show hours and 
the per cent of on standard hours to total hours. The 
higher this per cent, of course, the better the opera- 
tion. 

“Standard Hours Earned” column gives the com- 
puted hours of 100 per cent performance work turned 
out during the hours on standard and when divided 
by the hours on standard indicates the per cent per- 
formance to standard as shown in the last column. 
They key to low cost operation is, of course, the per 
cent of hours on standard and the per cent perform- 
ance to standard, 

The lower section of the report shows the cost in 
dollars of that time the direct labor operators spent 
at other than productive work such as “fall down,” 
“wait material,” “wait repair,” etc. The last column 
indicates the per cent of this total controllable cost 
to the dollars spent for productive work or standard 
hours earned. 

In addition to this control report the molding su- 
pervision is given a daily report covering all job 
changes and delays and they receive a weekly sum- 
mary giving details of the control report showing 
each individual operator’s daily as well as weekly 
performance. 

In addition to direct labor the following opera- 
tions are also on incentive based upon production 
standards: 

. Cupola charging 

. Spruing castings 

. Inspect, chip and pack castings 

. Graveling and mudding 

. Pot dumping and sorting 

. Shipping 

. Starlug assembly 

. Anchor assembly 

. Coke, sand, sacked material and brick unloading 

10. Furnace tear out 

11. Pouring castings 

12. Shifting 

13. Dumping castings 

We are also now in the process of developing stand- 
ards and incentives for cleaning castings and several 
other miscellaneous operations. 


oon oP OF ND = 


Indirect Labor Incentives 


We have established production standards and re- 
sulting incentives on a goodly part of our indirect 
labor as well as direct labor and these standards have 
resulted in appreciable manufacturing cost reduc- 
tions. There is one large area of potential cost reduc- 
tion, however, which our standards and control re- 
ports do not measure. That is in the work method 
improvement field. For example, a molding foreman 
may add or eliminate a tuck or peen on a job and 
the standard will be changed to reflect the change 
which has increased or decreased our cost of manu- 
facture. The control report will not in any way re- 
flect this cost change. The hours on standard and 
the standard hours earned will be essentially the 
same. 

Likewise a cracking strip may be added or re- 
moved in the pattern shop and the finishing depart- 
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ments cost will have gone up or down without their 
control report reflecting this change since again the 
standard will .be changed when the grinding is 
changed. 

This apparent and real lack of control was a prob- 
lem for some time. Several years ago, however, we 
began searching for a means of controlling or mea- 
suring the effect of these types of cost changes as well 
as all others and which would clearly indicate to the 
man who could control these costs just what was 
happening. Our search resulted in establishing a cost 
control report which we call a Performance Report. 

This report is in its second year now and has 
changed considerably over that period of time. Un- 
doubtedly it will change for the better in the future 
but we believe it is a definite answer to our own par- 
ticular problem in the way of cost control. 

All figures are in dollars and at the present time 
we are covering 85 per cent of our total manufac- 
turing costs in these reports. The balance are over- 
head costs over which the superintendents and fore- 
men can exercise no control. They cover the opera- 
tion of 21 departments and indicate cost reductions 
or increases in direct labor, indirect labor, materials 
and supplies, scrap and gating yield. 

It is an adaptation of the flexible budget technique 
and since we are particularly anxious to encourage 
cost reduction, through better methods, we feel it is 
impossible to establish standards which can be used 
as a par or high task goal since the opportunities for 
improvement are literally unlimited. Therefore, we 
have established standards or bases as we call them, 
based upon past performance applied to the current 
operating conditions. 

Perhaps it would be helpful to show some ex- 
amples of how we develop these standards or bases. 
The performance reports cover approximately 260 
cost accounts. These costs vary from a straight fixed 
to a straight variable in nature. Most of them, of 
course, act as a combination of fixed and variable. 
By this classification the author is not necessarily re- 
ferring to the accountants definition of fixed and var- 
iable accounts. Most accountants will classify a direct 
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Fig. 2 


labor account in which the operations are on a one 
for one incentive such as a standard hour or piece 
work plan as a variable account. This is not true in 
99 cases out of a 100, however. It will act primarily 
as a variable but it is often surprising just how much 
fixed cost is involved. In our Molding Department 
direct labor control report, because of the jobbing 
nature of our business, there was a considerable 
amount of labor charged to job changes. This, as 
most accountants will agree, is a direct labor charge 
and varies only with the number of changes made 
and not with production. All or a good portion of 
this job change cost will act as a fixed charge. 

The importance of an understanding of the nature 
of fixed and variable costs on the part of management 
cannot be over emphasized. C. S. Carney of Steven- 
son, Jordan and Harrison, as consultant’s consultant, 
so to speak, tells of many actual experiences in which 
he has encountered the tendency for Management to 
look upon cost control as a division of accounting 
instead of as an integral part of Management. One of 
his stories goes something like this: 

“A salesman was making one of his routine callbacks to see 
how the foreman liked the machine which he had sold and de- 
livered to him recently. He was astonished when he discovered 
that the work was being done on the old machine and the new 
machine was standing idle. He said, “Joe, why aren’t you using 
the new machine?” Joe said, “Well, you see, it costs more to 
make it on the new machine than it does on the old machine, 
because the old machine is fully depreciated. We do not have 
any depreciation charge on that, but the new machine has a 
high depreciation, so we make all we can on the old machine.” 

A little over a year ago we instituted a quality con- 
trol program at the author’s plant. Everyone con- 
cerned has done a good job of making it operate and 
as a result our total scrap has been lowered by almost 
3 per cent from the time of its inception, The ques- 
tion came up as to how much «avings we are making. 
Our Accounting Department might have come up 
with some figures but the writer doubts if they would 
have been too accurate. From our flexible analysis 
charts, however, we know that we have an actual var- 
iable or out of pocket cost of $190 per ton. Since we 
are not operating at capacity this figure less the scrap 
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value times the tons saved gives us the answer which 
is almost $60,000 per year. 

The first analysis chart is of a-Melting Department 
material account “Coke and Limestone.” See Fig. 1. 
The ordinate or vertical line indicates dollars and 
the abscissa or horizontal scale shows tons melted. 
Our present base period is the year 1951 as so indi- 
cated on the charts. On this and other charts are 
plotted the costs by months against the tons melted. 
You can see that this results in a straight variable of 
$4.72 per ton. 

Figure 2 is also a material account “Fuel Oil.” This 
is the cost of fuel oil burned in our air furnace in 
which we condition our iron and hold temperature 
for pouring. You will note that the first, second and 
third month costs are high but on the way down and 
that the balance of the year the costs have leveled 
out resulting in a lower variable and perhaps a slight- 
ly lower fixed. The fixed costs are $750 per month 
and the variable cost is $1.43 per ton. The Melting 
Department supervision has done an outstanding job 
in using their performance reports and in actually 
reducing costs of operations. It is not just by chance 
that the last seven out of eight months figures show a 
reduced cost. The savings resulted from a careful 
study resulting in a decrease in the size of the com- 
bustion chamber and close and careful burner con- 
trol. 

The entire Melting Department costs perform as 
shown on Fig. 3. Again as in the case of fuel oil costs 
you will note that the entire department costs were 
reduced throughout the year and particularly in the 
first six months. If the last eight months only were 
considered there would result a definite reduction in 
the variable or slope of the line with about the same 
fixed of $6,880 per month. The average variable line 
is set at $33.30 per ton. The last eight months costs 
were definitely in control in spite of a fairly wide var- 
iance in volume or tons melted. 

Each account was analyzed in the same way. Some 
accounts are rather difficult to analyze and draw a 
representative line. In a few of these more difficult 
ones we have arbitrarily determined the line after a 





Fig. 3 
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TABLE 2—MELTING DEPARTMENT——PERFORMANCE REPORT 


rons Melted 5827.89, Base Total Scrap 10.22, Actual Total Scrap 7.42 
2nd Quarter 
; he alae Week Ending 6-29-52 


0, i case a ko an dears dal ac a 











Acct. Base Labor Actual Labor (Over) Actual Mat’l. Price 
No. Account Name Std. Mat’l. Std. Mat’l. Under Cost Variance 
Labor 
10-100 Scrap Prep. 
$ 2,564.00 $ 2,717.01 $ (153.01) * $ > 
10-105 Unload Steel 
10-200 Cupola Air 6,647.00 5,279.65 1,367.35 
& 250 Furnace Oper. 
10-240 Pour. Alum. Pellets 28.96 28.96 = = 
10-280 Allowances 117.00 123.67 (6.67) 
10-281 Meetings & Appr. — 138.42 (138.42) 
Training 
10-285 Canteen 772.00 653.89 118.11 
10-300 Overtime Prem. 1,011.00 1,260.36 (249.36) 
10-400 Super & Clerks 5,447.00 4,458.76 983.24 
10-500 Cupola, Air 3,775.00 4,031.03 (256.03) 
& 510 Furnace Repairs 
10-520 Mech Repairs 1,206.00 1,513.72 (307.72) 
& 530 ‘ 
Total Labor 21,567.96 20,205.47 1,362.49 
Supplies 
10-10,11 All Metals 136,200.00 131,588.26 4,611.74 (8,552.73) 
12 & 13 
10-20 Fuel Oil 10,583.00 10,210.20 372.80 (852.04) 
10-21 Coke, Limestone 27,508.00 25,201.15 2,306.85 §32.52 
& 22 & Flux 
10-600 Refractories 13,269.00 13,416.14 (147.14) (450.96) 
& 610 
10-620 Mech Repairs 843.00 1,382.18 (539.18) (7.97) 
& 630 
10-700 Misc. Supplies 932.00 1,480.57 (548.57) (1.39) 
10-730 Misc. Cupola & 
Air Furnace 2,215.00 787.54 1,427.46 (2.35) 
Total Supplies 191,550.00 184,066.04 7,483.96 193,300.96 (9,234.92) 
213,117.96 204,271.51 8,846.45 


Total Labor & Supplies 


Scrap Adj. 6,209.00 

Total Adj. 6,209.00 

Labor & Supplies 219,326.96 204,271.51 15,055.45 

Net Yield Adj. (5,900.00) (5,900.00) 
213,426.96 204,271.51 9,155.15 


Net Labor & Supplies 
Per cent Yield 47.6 

Est. Tons Salable Castings 2,726.48 

Cost per ton Est. Salable Castings $78.31 


*Figures in ( ) are over. 





thorough discussion with the foreman and supervisor maintenance costs. Unusual maintenance is defined 





concerned. 

After the standards have all been determined by 
charting we are then ready to use these standards as 
comparisons with actual costs of operation. This is 
done on the performance reports themselves. 

Before showing you samples of the reports I must 
point out some of the steps that we had to take before 
our program could function effectively: 

1. It was necessary to assign definite responsibilities 
for all costs and furthermore to be sure that the sup- 
ervisor concerned recognized this responsibility. 

2. We had to make the supervisors realize that we 
were not setting a par for his operation but were lit- 
erally only showing him that if he were operating 
this year under this year’s conditions as efficiently and 
effectively and no more so than as he did last year his 
costs would be at our standard or base figure. If he 
improved his operations they would be lower and the 
actual dollars difference between base and actual costs 
represents the savings he has achieved. 

3. The foreman was held responsible for normal 


as any maintenance job costing over $100 and occur- 
ing according to the plant engineering records less 
frequently than once per year. Unusual maintenance 
costs are pulled out of the departmental account by 
means of budget orders and shown on the general 
factory report, where they are also compared with a 
standard. It has been advisable to institute a repair 
and equipment request procedure whereby the fore- 
man actually authorized repair work for his depart- 
ment in order to control those repair costs. 

4. The plant engineer is also held responsible for 
overall plant repairs and plant engineering costs in- 
cluding both normal and unusual or budget order re- 
pairs. This is consistent with the fact that both the 
foreman and the plant engineer actually do and 
should control repair costs. 

5. Those management staff men who can control 
scrap receive recognition of this by receiving credit 
on their departmental performance reports for the 
difference in their departmental standard cost based 
upon the 1951 scrap record and their actual costs. 
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TABLE 3—MoLDING DEPARTMENT—-PERFORMANCE REPORT 
2nd Quarter 


MUS 4h coi se mon ccRindecesaakawee ds pad dren eaneicackws PN he sic ocatnncsscahsspcacennsstentias spessuanbenenaemess 
Week Ending 6-29-52 


Tons Melted 5827.89, Avg. Wt. of Cstg. 2.7, Base Total Scrap 10.22%, Actual Total Scrap 7.42%. 








Acct. Base Labor Actual Labor (Over) Actual Price 
No. Account Name Std. Mat’l. Std. Mat’l. Under Mat’l. Cost Variance 
Labor 
20-100 Direct $ 30,824.00 $ 29,019.52 $ 1,004.48 $ $ 
to 119 
20-200 Pouring, Shifting 31,513.00 29,133.11 2,379.89 
to 218 & Dumping 
20-240 Bottom Boards 346.83 346.83 —0— 
20-250 Core Changes 117.00 205.50 (88.50) * 
20-260 Moving & Fitting Flasks 3,945.00 4,221.94 (276.94) 
20-265 Night Clean Up 3,744.00 3,119.44 624.56 
20-270 Miscellaneous 6,465.00 4,676.67 1,788.33 
20-280 Allowances 3,613.00 3,966.86 (353.86) 
20-281 Meetings & Appr. —0— 385.35 (385.35) 
Training 
20-285 Canteen Time 3,322.00 3,139.18 182.82 
20-300 Overtime Prem. 2,215.00 1,529.12 685.88 
20-400 Super. & Clerks 9,100.00 9,488.43 (388.43) 
20-500 Repairs 5,373.00 4,614.97 758.03 
to 510 
Total Labor 100,577.83 93,846.92 6,730.91 
Supplies 
20-600 Repairs 3,322.00 3,973.90 (651.90) (3.58) 
to 610 
20-650 Woods, Nails, 3,905.00 5,180.76 (1,275.76) 181.01 
& 660 Jackets, Flasks 
20-700 Loose & Hand Tools 3,905.00 3,266.48 638.52 91.29 
20-710 Core Charges 117.00 193.78 (76.78) 4.87 
Total Supplies 11,249.00 12,614.92 (1,365.92) 12,341.33 273.59 
Total Labor & Supplies 111,826.83 106,461.84 5,364.99 
Scrap Adj. 2,727.00 2,727.00 
Total Adj. Labor 8,091.99 
Net Yield Adj. (2,591.00) (2,591.00) 


Per cent Yield 47.6 
Est. Tons Salable Cstgs. 2726.48. 


*Figures in ( ) are over. Cost Per Ton Est. Salable Cstgs. $38.95. 





TABLE 4—SHIPPING DEPARTMENT—-PERFORMANCE REPORT 
2nd Quarter 


Week Ending 6-29-52 








EE a ee Ee ee ee ee 
Tons Shipped 2825.71 

Acct. Base Labor Actual Labor (Over) Actual Price 

No. Account Name Std. Mat’l. Std. Mat’l. Under Mat’l. Cost Variance 
Labor 

90-200 Truck, Weigh & Load $ 2,458.00 $ 2,158.57 $ 299.43 $ $ 

90-280 Allowances 57.00 51.36 5.64 

90-281 Meetings & Appr. —0— —0— —0— 
Training 

90-285 Canteen Time 124.00 97.82 26.18 

90-300 Overtime Prem. 141.00 53.60 87.40 

90-400 Super. & Clerks 6,110.00 5,520.00 590.00 

90-500 Mech. Repairs 113.00 136.70 (23.70) * 
Total Labor 9,003.00 8,018.05 984.95 
Supplies 

90-600 Mech. Repairs 85.00 104.53 (19.53) —0. 

90-700 Misc. 28.00 22.98 5.02 .04 

90-710 Bags, Wire, etc. 3,052.00 2,614.63 437.37 137.83 
Total Supplies 3,165.00 2,742.14 422.86 262.84 137.87 
Total Labor & Supplies $12,168.00 $10,760.19 $1,407.81 


Per Cent Yield 47.6. 
Est. Tons Salable Cstgs. 2726.48 


*Figures in ( ) are over. 
Cost Per Ton Est. Salable Cstgs. $3.90 





and the pattern shop superintendent. It can be noted 
from our reports that so far some of our scrap gains 
have been offset by a decrease in gating yield. 

7. As the writer have pointed out, one of our larg- 


This may, of course, be a gain or a loss. 

6. The gating yield which with the total scrap de- 
termines the overall yield is charged as a responsibil- 
ity of the chief inspector, the foundry superintendent 
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TABLE 5—YARD DEPARTMENT—-PERFORMANCE REPORT 
2nd Quarter 
EOC TY. CET ee ee ee Te Tee Tee ee ree eT eC Oe ee Pee ae ee a ae wee i enn ey ee es Lee! 
. Week Ending 6-29-52 
Tons Melted 5827.89 
Acct. Base Labor Actual Labor (Over) Actual Price 
No. Account Name Std. Mat’l. Std. Mat’l. Under Mat’l. Cost Variance 
Labor 
140-215 Unloading $ 2,448.00 $1,702.89 $ 745.11 $ 
to 250 Materials 
140-255 Miscellaneous 1,070.00 810.62 259.38 
140-270 Road Repairs 39.00 23.47 15.53 
140-280 Allowances 58.00 —= 58.00 
140-281 Meetings & Appr. —§... —).. —_0— 
Training 
140-285 Canteen Time 506.00 308.87 197.13 
140-300 Overtime Prem. 641.00 210.91 430.09 
140-400 Superv. & Clerks 2,535.00 2,102.88 432.12 
Yard Trucks 1,298.00 1,353.22 (55.32) * 
Yd. Trk. Repairs 117.00 37.62 79.38 
Total Labor 8,712.00 6,550.58 2,161.42 
Supplies _ 
Yard Trucks 350.00 200.46 149.54 —_ = 
Yard Truck Repairs 208.00 174.99 33.01 (.05) 
Total Supplies 558.00 375.45 182.55 659.38 (.05) 
Total Labor & Supplies 9,270.00 6,926.03 2,343.97 
140-275 Storeroom 728.00 710.50 - 17.50 
Grand Total $9,998.00 $7,636.53 $2,361.47 


Per cent Yield 47.6. 
Est. Tons Salable Cstgs. 2,726.48 


*Figures in ( ) are over. Cost Per Ton Est. Salable Cstgs. $2.80 





TABLE 6—PLANT ENGINEERING DEPARTMENT— SUMMARY REPORT 
2nd Quarter 








ee ee ee ee herr ere ere he eee FOTEMAR. 2.00 ccccccrccccccescccccocscceccoscesecoeosoeccossces 
Week Ending 6-29-52 
Labor Supplies Total Labor & Supplies 
Act’l Labor 
Department Base Actual Over-Under Base Std. Actual Over-Under Base Std. Mat’l. Over-Under 
Melting $ 1,206.00 $ 1,513.72 $(307.72)* $ 843.00 §$ 1,382.18 $ (539.18) $ 2,049.00 $ 2,895.90 $ (846.90) 
Laboratory 117.00 41.94 75.06 182.00 73.68 108.32 299.00 115.62 183.38 
Sand 3,030.00 3,026.59 3.41 3,613.00 4,865.89 (1,252.89) 6,643.00 7,892.48 (1,249.48) 
Molding 5,373.00 4,614.97 758.03 3,322.00 3,973.90 (651.90) 8,695.00 8,588.87 106.13 
Core Room 415.00 854.31 (439.31) 178.00 492.31 (314.31) 593.00 1,346.62 (753.62 
Hard Iron 382.00 333.70 48.30 424.00 485.91 (61.91) 806.00 819.61 (13.61) 
Annealing 1,052.00 1,353.57 (301.57) 1,127.00 2,486.62 (1,359.62) 2,179.00 3,840.19 (1,661.19) 
Soft Iron 852.00 503.87 348.13 1,485.00 584.52 900.48 2,337.00 1,088.39 1,248.61 
Finishing 1,494.00 1,597.92 (85.92) 1,485.00 2,059.70 (610.70) 2,979.00 3,675.62 (696.62 
Inspection 137.00 274.78 (137.78) 55.00 139.27 (84.27) 192.00 414.05 (222.05) 
Shipping 113.00 136.70 (23.70) 85.00 104.53 (19.53) 198.00 241.23 (43.23) 
Maintenance 422.00 495.57 (73.57) 838.00 536.94 301.06 1,260.00 1,032.51 227.49 
Pattern 52.00 107.00 (55.00) 104.00 26.39 77.61 156.00 133.39 22.61 
Yd. & Yd. Trucks 156.00 61.09 94.91 208.00 174.99 33.01 364.00 236.08 127.92 
Starlug 91.00 2.09 88.91 13.00 (77.50) 90.50 104.00 (75.41) 179.41 , 
Permasteel 81.00 109.81 (28.81) 410.00 85.91 324.09 491.00 195.72 295.28 
Alloy Iron —0-— —O— —0— —0— —O— —_0— —0— —0— —o— 
General & Ex. W.O. 11,706.00 6,798.85 4,907.15 15,509.00 9,542.94 5,966.06 27,215.00 16,341.79 10,873.21 
Total Depts. 26,679.00 21,808.48 4,870.52 29,881.00 26,974.18 2,906.82 56,560.00 48,782.66 7,777.34 
Cap. W.O. 4,110.00 242.06 3,867.94 17,069.00 6,477.45 10,591.55 21,179.00 6,719.51 14,459.49 
Total All. $30,789.00 $22,050.54 $8,738.46 $46,950.00 $33,451.63 $13,498.37 $77,739.00 $55,502.17 $22,236.83 


*Figures in ( ) are over. 





prices as of a particular time in order to have dollar 
costs represent actual usage. However, a foreman or 
superintendent may specify a different material as a 
result of his own investigation and when approved, 
a change will be made in the standard cost so that the 
resulting cost reduction will be reflected in the per- 
formance report. An example of this might be a 
special shot to be used in cleaning machines or a 
lower cost pattern spray which would result in a sav- 


est potential cost reductions is in the field of method 
improvement. Starting in 1953 we are going to show 
as a separate charge on our performance report: 
a. A portion of the original equipment cost 
based upon the expected life of the installation. 
b. Interest on the investment. 
c. A portion of the replacement cost based upon 
the expected life of the installation. 
8. It was necessary to freeze or standarize material 
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TABLE 7—-PERFORMANCE SUMMARY 
Week Ended 6-29-52 
Second Quarter 
Base Labor Actual Labor (Over) Scrap (Over) Per Yield 

Dept. Std. Mat’l Std. Mat’l. Under Adj. Under Cent Adj. 
Melting $213,117.96 $204,271.51 $8,846.45 $ 6,209.00 $15,055.45 7.06 ($5,900.00) * 
Lab 5,640.00 4,354.19 1,285.81 77.00 1,362.81 24.16 (74.00) 
Sand 30,394.00 30,837.59 (443.49) 770.00 $26.41 1.07 (732.00) 
Alloy 16,479.24 13,722.46 2,756.78 —i 2,756.78 16.73 —oO— 
Total 265,631.20 253,185.75 12,445.45 7,056.00 19,501.45 7.34 (6,706.00) 
Molding 111,826.83 106,461.84 5,364.99 2,727.00 8,091.99 7.24 (2,591.00) 
Core 33,179.00 32,253.43 925.57 =— = 925.57 2.79 = 
Total 145,005.83 138,715.27 6,290.56 2,727.00 9,017.56 6.22 (2,591.00) 
H. Iron 17,293.00 15,737.98 1,555.02 470.00 2,025.02 11.71 (447.00) 
Anneal 44,102.24 39,654.10 4,448.14 1,317.00 5,765.14 13.07 —O— 
Total 61,395.24 55,392.08 6,003.16 1,787.00 7,790.16 12.69 (447.00) 
S. Iron 6,709.00 5,415.70 1,293.30 218.00 1,511.30 22.53 —0— 
Starlug 24,142.70 23,934.66 208.04 = se 208.04 86 —O. 
P. Steel 2,176.14 1,944.42 231.72 —O. 231.72 10.65 —O... 
Total 33,027.84 $1,294.78 1,733.06 218.00 1,951.06 5.91 —O.. 
Finish 53,484.00 57,886.40 (4,402.40) 1,352.00 (3,050.40) (5.70) —O— 
Total 147,907.08 144,573.26 3,333.82 3,357.00 6,690.82 4.52 —_0— 
Inspect 17,397.00 16,371.03 1,025.97 336.00 1,361.97 7.83 — = 
Ship 12,168.00 10,760.19 1,407.81 — = 1,407.81 11.57 —H.. 
Personnel 20,401.72 20,194.90 206.82 — = 206.82 1.01 = = 
Canteen 12,491.00 11,195.94 1,295.06 —§... 1,295.06 10.37 li... 
Total $2,892.72 31,390.84 1,501.88 — | ae 1,501.88 4.57 —o— 
Yard 9,998.00 7,636.53 2,361.47 = = 2,361.47 23.62 = = 
Ind. Eng. 15,678.34 13,220.51 2,457.83 —O. 2,457.83 15.68 —0— 
General 47,680.00 39,124.59 8,555.41 8,555.41 17.94 —O— 
Pattern 7,663.00 9,642.29 (1,979.29) = a (1,979.29) (25.83) —0— 
N. Yield 47.5%, 47.5% (506.00) a (506.00) 21 clin 
Total (1,473.29) (1,473.29) —O— 
Maint. 9,586.00 11,622.61 (2,036.61) — (2,036.61) (21.25) — 
Rep. Sum (55,300.00) 48,782.66 6,517.34 —0— 6,517.34 11.78 —0— 
Total (64,886.00) (60,405.27) (4,480.73) allen (4,480.73) 6.91 ilies 
T. Plant $711,607.17 $676,242.87 $35,364.30 $13,476.00 $48,840.30 $6.86 ($9,744.00) 
Per Cent 100.00 95.03 4.97 1.89 6.86 (1.37) 


Total Plant Savings — $48,840.30 — ($9,774.00) = $39,096.30 





*Figures in ( ) are over. 


$39,096.30 +. $711,607.17 — 5.49% 





ings. In either of these cases the reports would reflect 
the results of the new material usage as to cost reduc- 
tion. 

9. All of our jobs both hourly paid and salaried 
are covered by job evaluation and each has a rate 
range. Supervision and clerical costs are included in 
the performance reports since these are controllable. 
The standards are adjusted to cover general plant 
raises only. Individual merit raises within these rate 
ranges are not considered since raises are given for 
performance the effect of which should be reflected in 
departmental cost reductions. 

These performance reports are issued weekly, 
monthly and quarterly and each report is discussed 
in detail in a weekly meeting held by each superin- 
tendent with his foremen. All material costs are sub- 
stantiated with stores issues copies of which each fore- 
man receives for each account he controls. These 
issues show quantity, item, unit price, total cost, ac- 
count charged and signature of persons receiving the 
material. This assures’ accuracy in accounting since 
these are gone over with a fine tooth comb by each 
foreman. 

With this background we are now ready to look at 
representative samples of the performance report it- 
self. The first of these is that of the Melting Depart- 


ment. See Table 2. Table 2 you will note covers the 
second quarter of 1952 and the heading shows the 
tons melted, base total scrap (or 1951 scrap) and act- 
ual total scrap. The first figures are the account num- 
bers, 10-100 and 10-105, scrap preparation and unload 
steel. The top section of the report covers labor costs 
only and the first column is base labor cost. The 
$2564 is the standard cost under 1951 operations at 
the current tonnage. The next column indicates an 
actual cost of $2,717.01 resulting in an over expendi- 
ture of $153.01 for the quarter. The next account 
“cupola and air furnace operation” shows a savings 
of $1,367.35. All the labor accounts in the depart- 
ment are thus itemized and compared to base or 
standard cost. Incidentally, the allowances account 
10-280 includes the cost of not only any down time for 
the cupola charging crew which is on incentive but 
the bulk of this cost is made up of charge backs from 
the Molding Department labor due to waiting for 
metal. 

Just why some of the accounts are sizably in the 
black and some are in the red? This is, of course, the 
actual cost control part of the job. The report only 
indicates the results. 

The supply or material accounts are listed in the 
lower section. The Standards or bases are in stand- 
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ard dollars or at prices frozen as of January, 1952. 
The last column shows the price variance of actual 
costs to actual standard costs. Price increases since 
January have resulted in a cost of $9,234.92 on mater- 
ials used for this quarter. Our Purchasing Depart- 
ment is interested in these figures and in some cases 
can effect savings in this area. The totals are shown 
at the bottom of Table 2. Total labor and supplies 
usage indicates a saving of $8,846.45. The line direct- 
ly below is the “scrap adjustment” and indicates a 
saving of $6,209.00. This literally means that if we 
had operated at the 1951 scrap level of 10.22 for this 
quarter, we would have spent this additional $6,- 
209.00 or our scrap reduction resulted in a savings of 
$6,209.00. This brings the total savings to $15,055.45. 

The next line entitled “Net Yield Adjustment” in- 
dicates the effect of the gating yield. While the scrap 
reduction resulted in a savings of $6,209.00, the total 
yield was not increased accordingly because the gat- 
ing was such as to, in itself, offset $5900 of this sav- 
ings. The net departmental savings is, therefore, 
$9,155.45. This gating responsibility is not that of 
the foreman of the Melting Department and is shown 
separately. 

Table 3 shows figures for the Molding Department. 
The heading is the same as that for Melting except 
that in addition the average casting weight is given. 
Several accounts vary by casting weight as well as 
tonnage. The form is the same for all departments 
with the totals at the bottom of the sheet. 

The Shipping Department operation is covered by 
Table 4. The volume measure is tons shipped. In 
this case this is shown to be 2825.71 tons. You will 
note that this department shows a sizable per cent 
savings. This is the result of considerable work and 
resulting changes in departmental operation. 

Table 5 is for our Yard Department operations 
which is comparable to the Shipping Department re- 
port in that it is a relatively small operation but 
shows a large savings. Labor savings are primarily the 
result of standardizing unloading and other opera- 
tions and establishing incentives upon these stand- 
ards. This was completed in 1951 so that these fig- 
ures do not show all of the savings actually made. 

You will note that in both Table 5 and Table 4 
no scrap or yield adjustment is shown. The foremen 
of these departments have no direct responsibility for 
scrap or yield as such and so the performance reports 
do not reflect these costs. 

The Storeroom account at the bottom (Table 5) 
is an isolated labor account separate from the Yard 
operation but a responsibility of the same supervision. 

You will remember the writer mentioned the split 
responsibility of the foremen and the plant engineer 
for repairs and plant engineering costs. Table 6 is 
a summary report showing all those accounts over 
which the plant engineer has control. All of the re- 
pair accounts are shown on individual department 
reports as well. You can see that this gives a good 
picture of the plant department operations. Labor 
and material on jobs to be capitalized is shown since 
capital charges are, of course, not included in our 
reports except in this summary (Table 6). 
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Table 7 is also a summary report. This summar- 
izes the entire plant performance against standard. 
The subtotals are shown so that each superintendent 
has a total of the departments which he supervises as 
well as the individual reports for each of these depart- 
ments. The figures indicate totals only and after scrap 
adjustment gain or loss is included, a per cent gain or 
loss is also shown under the column entitled “Per 
cent.” 

Not far from the bottom of Table 7 is included a 
total yield figure shown in per cent and with the calc- 
ulated difference in dollars indicated, All 21 depart- 
ments are included as shown. At the bottom of Table 
7 will be found the plant totals and per cent figures. 
The overall plant savings for the quarter is shown at 
the bottom to be $39,096.30 or 5.49 per cent of the 
total expense. 

As the author mentioned, we feel these control 
reports give us the answers we need for the Manage- 
ment staff to compare our current operation with 
standard. It is certainly not perfect and not yet in its 
final state. We will make improvements as we use 
them. 

We are at the present time working on a method 
to include in this report in dollars, if possible, the 
effect of schedule performance on the operation. 
Schedule performance is the only important measure 
of the foreman’s job which we do not now include. 

We also wish to work out such a report for the 
measurement of our office work although it is going to 
be difficult. As the industrial engineer quickly con- 
cludes, however, the more complex the problem, the 
more the potential cost reduction. 


DISCUSSION 


Chairman: R. L. Lee, Grede Foundries, Inc., Milwaukee. 

Co-Chairman: C. E. Westover, Westover Engineers, Milwau 
kee. 

G. H. Rockwett:? Don’t you have a melting loss? How is it 
correlated in your Standards? How were your Standards de- 
veloped? 

Mr. Bussy: Yes, we do have a melting loss, of course. This 
loss is included in the Standard in the yield adjustment factor. 
This yield adjustment includes the effect of gating, melting 
loss, spills, etc., in other words everything other than actual 
hard iron, soft iron and returns from customer’s scrap. The 
Standards were developed in all cases by analysis of the past 
years performance by means of flexible budget technique as 
explained in the talk. This means, of course, that our Stand- 
ards are merely measures of the performance of the last year 
as applied to present period conditions. 

C. N. OurMANn:? What adjustment in standard do you make 
for variation in volume of production? 

Mr. Bussy: Variation in volume of production is accounted 
for in the Standards in the very nature of establishing those 
Standards. Flexible budget type of analysis results in a fixed 
and a variable cost which when applied to the actual volume, 
results in a Standard for that particular volume. We do, 
however, limit our Standard application to a plus or minus 25 
per cent variation from actual previous years volume. 

H. R. WittraMs:* You show that average weight per casting 
is a factor considered in your molding analysis. Would not 
average weight per mold be a more pertinent figure for this 
analysis? 

Mr. Bussy: We obtain a very good correlation on direct and 
indirect molding labor against average weight per casting. 


1 Foundry Planning Supt., Caterpillar Tractor Co., Peoria, Ill. 
2 Comptroller, Hansell-Elcock Co., Chicago. 
8 Williams Management Engineering Co., Milwaukee. 
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However, we might obtain even better correlation if we used 
the average weight per mold as suggested. 

Wo. Pitts: What department prepares and keeps these 
data up to date in forms available to the departments affected? 

Mr. Bussy: The Accounting Department prepares the re- 
ports for the departmental supervisors and at the present time 
this requires the time of approximately 114 clerks. 

A. R. Kragcet:® Am I correct in concluding that the main 
purpose of your Standards is to have a basis of comparison 
between prior years’ performance and current operations? If 
this assumption is correct, do you make any adjustments in 
your standards for a poor showing in specific elements of cost 
in prior years? If not, do you then show a favorable variance 
in the current year, even though you have not yet reached the 
desired performance? 

Mr. Bussy: You are correct in concluding that the main 
purpose of our Standards is to have a basis of comparison be- 
tween the prior years performance and current operations. We 
do not make any adjustment in Standards for a poor showing 
in specific elements of cost in prior years because of the fact 
that we do not feel capable of determining what is a desirable 
performance particularly since the cost reduction plan is di- 
rected toward methods improvement and we feel the possibili- 
ties in this field are virtually unlimited. It is true, however, 
that in some cases a poor performance in a previous year may 
be improved upon sizeably in one department with less effort 


Use or STANDARDS IN CONTROLLING Costs 


than that necessary in the case of a department which has 
functioned previously at a higher level of efficiency and effec- 
tiveness. 

Frep BoeNeKER:® Are your foremen and supervisors addi- 
tionally compensated for performance improvement? 

Mr. Bussy: Our foremen and supervisors are compensated 
for performance improvement and have been since January I, 
1953. This compensation is based entirely upon improvement 
and continued improvement must be made in order to be 
elligible for this compensation. 

D. L. Watson: * What basis do you use for separating direct 
costs from indirect costs? 

Mr. Bussy: At Texas Foundries our performance reports are 
completely separate from jobbing cost accounting. In job 
costing we define direct costs as only those which can be iso- 
lated and charged direct to the particular job or casting made. 
This, of course, is in contrast somewhat to the general defini- 
tion of direct costs referring to direct costs being those which 
result in a change to the product itself. If we were to consider 
our product as castings rather than a specific customer's cast- 
ing, many of the costs which we term indirect would then be 
considered direct. 


4Standards Foreman, Oklahoma Steel Castings Co., Tulsa, Okla. 
5 Assistant Works Auditor, American Steel Foundries, E. Chicago, Ind. 
® Bronze Alloys Co., St. Louis, Mo. 

7 Metallurgist, Holmes Foundry Co., Ltd., Sarnia, Ont., Canada. 
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AIR POLLUTION CONTROL EQUIPMENT 
FOR MELTING OPERATIONS IN THE FOUNDRY INDUSTRY 


By 


Robert T. Pring* 


For nearly a generation, the ferrous and non-ferrous 
castings producers in the United States have taken a 
leading role in the elimination of pneumoconiosis- 
producing dusts from the working environment. In 
coping with internal dust hazards through the appli- 
cation of local exhaust ventilation, the foundry in- 
dustry soon became one of the first and foremost users 
of industrial dust collection equipment. 

Thousands of tons of airborne particulate matter 
is carried daily into the countless local exhaust sys- 
tems which have been installed on shake-outs, sand 
conditioning plants, and castings cleaning operations. 
To the credit of the industry, it may be stated that in 
only a few plants are these exhaust systems permitted 
to discharge to amosphere the solids entrained in the 
ventilation air. It is, and has been for years, a nearly 
universal practice to install dust collection equipment 
in conjunction with local exhaust ventilation of dusty 
operations in foundries. Admittedly, the selection of 
air cleaning equipment has not always been the best 
and some installations are operating at collection effi- 
ciencies somewhat lower than could be desired; never- 
theless, the net effect has been to eliminate, even 
before it arose, an air pollution problem from scat- 
tered process dust of a magnitude which defies the 
imagination. 

Recent years have seen a shifting of emphasis from 
dust control within the foundry to the abatement of 
pollution of the air surrounding the plant. Here, the 
foundry industry faces an entirely new set of problems. 
Its principal remaining sources of pollution involve 
not dust from sources susceptible of control by local 
exhaust systems and conventional dust arresters, but 
rather hot and corrosive gases laden with fume par- 
ticles from melting operations. 

The selection and application of air cleaning equip- 
ment for industrial dust control systems has been 
adequately treated in many publications.‘ For this 
reason, and more particularly because of the present 
interest in the abatement of pollution from melting 
operations, this paper will be restricted to a discussion 


* American Wheelabrator & Equipment Corp., Mishawaka, 
Ind. 
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of available equipment for the elimination of atmo- 
spheric pollution from cupolas, open hearth (rever- 
beratory), and electric furnaces. The distinction be- 
tween conventional dust collection and atmospheric 
pollution abatement equipment is made solely on the 
basis of (a) the small particle size of the pollutants, 
and (b) the high temperature of the entraining gases 
which the latter is required to handle. 


Atmospheric Pollution Defined 


Atmospheric pollution may be defined as the pres- 
ence in the air of substances put there by the acts of 
man in concentrations sufficient to interfere with the 
comfort, safety or health of man, or with the full use 
and enjoyment of his property.? Largely, the problem 
is one of nuisance, since measurable injury to human 
health by industrial pollutants is rare. Nevertheless, 
the dramatic episodes of the Meuse Valley of Belgium 
(1930) and Donora, Pa. (1948) served to focus public 
attention on atmospheric pollution as a community 
problem. 

What constitutes a nuisance in one area may not be 
of great concern in another. For a given mass rate of 
emission from industrial stacks, it is the topography of 
the surrounding country and the meteorology of the 
area that determine the ground level concentration of 
pollutants. For a given concentration of pollutant at 
ground level, it is the land usage in the area that 
determines the presence or absence of a nuisance. 


Atmospheric Pollution Codes 


In certain critical areas, where topographical and 
meteorological conditions are unfavorable to the 
rapid dispersion of industrial stack emissions, legal re- 
strictions have been placed on either the mass rate of 
emission or on the concentration of pollutants in the 
discharged gases. Atmospheric pollution regulations 
are also in effect in other urban areas where usage of 
the surrounding land justifies some measure of con- 
trol. The stringency of the various codes varies from 
the extreme of the Los Angeles County Air Pollution 
District to the indefinite and often unenforceable reg- 
ulations in certain other areas. In many cases, the 
foundry industry is singled out as a major contributor 
to the overall pollution problem. 
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Any code must, to be fair and equitable, take cog- 
nizance of the fact that control requirements in one 
area may bear no resemblance to what is reasonable 
elsewhere. Those responsible for the preparation, en- 
actment, and enforcement of atmospheric pollution 
regulations cannot ignore the factors of land usage, 
meteorology and topography, nor is it equitable to 
enact standards of such stringency that no feasible 
means of compliance is available. 

Where it is necessary to place restrictions on the 
discharge of pollutants to atmosphere, these restric- 
tions, if clear and specific, may serve as a guide in the 
selection of control equipment. On the other hand, 
ordinances which leave in the hands of the individual 
enforcement officer the responsibility for determining 
what constitutes violation in each individual case are 
susceptible to capricious and discriminatory adminis- 
tration. These ordinances often confuse the purchaser 
of control equipment and lead to unwise and costly 
experiments. 

In areas where no atmospheric pollution ordinances 
have yet been enacted, the plant operator must decide 
whether to install relatively inefficient control equip- 
ment to placate complaining neighbors or to “go all 
the way” with equipment which will meet the re- 
quirements of any foreseeable future atmospheric 
pollution law. He must gamble the cost of a less 
expensive installation which may later be scrapped 
against the higher investment in more efficient equip- 
ment. The odds are seldom known when the decision 


is made. . 
Much has been written on the peculiar combination 


TABLE 1——PERMISSIBLE STACK SOLIDS EMISSIONS FOR 
Various Process WEIGHTS* 





Maximum Maximum Maximum 
Process Weight Process Weight Process Weight 
Wt/hr  Disch/hr Wt/hr  Disch/hr Wt/hi Disch /hr 
(Ib) (Ib) (Ib) (Ib) (Ib) (Ib) 
50 1,900 4.03 4,700 6.45 
100 46 2,000 4.14 4,800 6.52 
150 .66 2,100 4.24 4,900 6.60 
200 B52 2,200 4.34 5,000 6.67 
250 1.03 2,300 4.44 5,500 7.03 
300 1.20 2,400 4.55 6,000 7.37 
350 1.35 2,500 4.64 6,500 7.71 
4100 1.50 2,600 4.74 7,000 8.05 
450 1.63 2,700 4.84 7,500 8.39 
500 1.77 2,800 4.92 8,000 8.71 
550 1.89 2,900 5.02 8,500 9.03 
600 2.01 3,000 5.10 9,000 9.36 
650 2.12 3,100 5.18 9,500 9.67 
700 2.24 3,200 5.27 10,000 10.0 
750 2.34 3,300 5.36 11,000 10.63 
800 2.43 3,400 5.44 12,000 11.28 
850 2.53 3,500 5.52 13,000 11.89 
900 2.62 3,600 5.61 14,000 12.50 
950 2.72 3,700 5.69 15,000 13.13 
1,000 2.80 3,800 5.77 16,000 13.74 
1,100 2.97 3,900 5.85 17,000 14.36 
1,200 3.12 4,000 5.93 18,000 14.97 
1,300 3.26 4,100 6.01 19,000 15.58 
1,400 3.40 4,200 6.08 20,000 16.19 
1,500 3.54 4,300 6.15 30,000 22.22 
1,600 3.66 4,400 6.22 40,000 28.3 
1,700 3.79 4,500 6.30 50,000 $4.3 
1,800 3.91 4,600 6.37 60,000 40.0 
or 
* Los Angeles County, Calif. more 
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of topography and meteorological conditions of the 
Los Angeles area which, with the rapid industrial 
expansion of the last decade, has contributed to the 
acute pollution of the surrounding atmosphere. To 
combat this situation, the Los Angeles County Atmos- 
pheric Pollution Control District was established and 
the most stringent anti-pollution regulations existing 
anywhere in the United States were adopted.’ Of 
interest to the foundry industry everywhere are the 
provisions of Rule 54 of the code which relates allow- 
able discharge of gas-borne solids to process weight 
(Table 1). This is an example of a specific code 
which, although its adoption in many other localities 
is improbable, represents the most severe restriction 
on industrial air pollution likely to be encountered at 
any time in the foreseeable future. 

In contrast, the Allegheny County, Pa., Ordinance® 
permits the discharge of 0.85 Ib of solids per 1000 Ib 
of effluent gas from cupolas (0.454 grains per SFC) 
without regard to process weight or mass rate of emis- 
sion. The selection of control equipment capable of 
compliance with this requirement is relatively broad. 

No matter how stringent the code requirements for 
gas cleaning, proper evaluation of any dust and fume 
collection device requires the development of suitable 
standard methods for industrial stack sampling which 
give accurate, readily duplicated data on equipment 
performance. At present, a dozen different sampling 
methods are used, giving an equal number of diver- 
gent results. Several committees representing trade 
groups and professional societies are at present at- 
tempting to evaluate sampling methods with the ulti- 
mate objective of developing a standard technic for 
adoption by all agencies. 


Nature of Solids in Furnace Stack Gases 


Dust, fume, and smoke are commonly present in 
gases from melting operations. They may be classified 
according to particle size and mode of generation. 

Dusts are formed from solid, inorganic or organic 
materials by mechanical force (i.e., crushing, grind- 
ing, etc.). Particle size ranges from macroscopic to 
submicroscopic; however, particles over 50 microns 
settle rapidly and are of lesser significance. 

Fumes are formed from solid materials by oxida- 
tion, sublimation, and condensation. Fumes are usu- 
ally less than 1 micron in size, although they may 
flocculate and form larger particles. 

Smokes are formed from the combustion of car- 
boniferous materials and are generally the products 
of incomplete oxidation. The size of smoke particles 
is usually less than 0.5 microns. 

Generally, gases from furnaces contain both dust 
and fume particles, the proportion of each depending 
on the type of material charged, the temperature, and 
the phase of the melting cycle. To attempt to general- 
ize on volume, dust loading, and temperature of gases 
from melting furnaces serves little useful purpose be- 
cause of variations in air infiltration and in individual 
furnace practices. Published data regarding concen- 
tration, particle size, and composition of dust and 
fume in furnace gases are meager and conflicting. 
Figure | shows particle size ranges of dusts and fumes 
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Fig. 1—Graphical representation of particle size ranges 
of dusts and fumes from typical industrial operations with 
approximate operating ranges of control equipment. 


from various sources, along with certain familiar 
“standards” of comparison. In the lower portion of 
the chart are given typical performance ranges of 
commercial dust and fume collectors. Broken lines 
indicate areas in which data are uncertain or contro- 
versial. This information is adapted from Miller! 
and Keyser and Munger!! modified in the light of 
more recent experience. 

Table 2 is an attempt to summarize and reconcile 
published data on the particle size, concentration, and 
emission rate of solids in furnace gases, giving, where 
possible, the source of the information. It serves to 
emphasize the meagerness of our knowledge and the 
wide variation in reported values. 

In the case of cupolas and other furnaces using dirty 
scrap material in the charge, considerable coarse dust 
is carried up the stack to become a problem in the 
immediate neighborhood; however, the metallic fume, 
oil smoke (from oily scrap) and gaseous impurities 
may be dispersed by air currents over wide areas, con- 
tributing to haze and pollution of the type encoun- 
tered in Los Angeles County. 

Obviously, where land usage permits and topog- 
raphy and meteorology are favorable, it may be 
sufficient to install dust collection equipment of the 
type which will prevent settlement of coarse material 
around the plant, exhausting the fume particles 
through a tall stack in order to disperse them over a 
wide area. It must be pointed out that the instances 
in which this procedure would be acceptable are be- 
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coming fewer as public awareness of atmospheric pol- 
lution increases. The abatement of atmospheric 
pollution, as contrasted to a purely local nuisance, 
requires the elimination of a major portion of the 
extremely fine particles at the lower end of this par- 
ticle size spectrum. 

The problem of selecting equipment for cleaning 
furnace gases is intensified by the high temperatures 
usually encountered, as well as the extreme fineness 
of the offending particles and the difficulty of en- 
trapping them in many conventional types of dust 
arresters. Pre-cooling or conditioning the hot gases is 
usually required, depending on the type of equipment 
installed, and special materials to withstand heat and 
corrosion must be employed in many cases. 

A wide variety of gas cooling methods is available,’ 
comprising the following, either singly or in various 
combinations: 

1. Radiation and convection cooling (requires large 

capital investment when used alone). 

2. Evaporative cooling (requires careful control to 

avoid condensation). 

3. Admission of tempering air (increases total vol- 

ume of gas to be cleaned). 


Cupola Fume Collection Equipment 


The choice of equipment for cleaning gray iron 
cupola stack gases rests largely on the present permis- 
sible solids discharge rate in the individual area, an 
appraisal of reasonable anticipated future code re- 
quirements, and a comparison of capital and operat- 
ing costs of the equipment which will provide the 
desired collection efficiency. 

Most of what we know about cupola fume collection 
comes from Los Angeles County!* and one or two 
larger industrial concerns located elsewhere in the 
country. Cupolas studied produced 64,000 to 182,000 
SCF of stack gas containing 14 to 29 lb of solids, both 
per ton of charge. Of these solids, 45 to 75 per cent 
was greater than 44 microns in particle size and could 
be efficiently removed from the gas stream by many 
types of dust collectors without difficulty. The remain- 
ing 25 to 55 per cent comprised fine particles includ- 
ing 4 to 11 per cent under 5 microns and could be 
collected only by the most efficient equipment. 

In one instance, a 54-in. I1.D. cupola having a pro- 
cess weight of 15,730 Ib per hr was permitted to dis- 
charge only 13.58 lb per hr under Rule 54 of the Los 
Angeles code. The actual solids emission during the 
charging period was 174 lb per hr in 17,700 SCFM. 
Compliance with the regulations required the removal 
of at least 92 per cent of the solids passing up the 
cupola stack, including a substantial portion of the 
minus 5-micron material. Stated another way, the 
dust loading of 1.15 grains per SCF must be reduced 
to approximately 0.09 grains per SCF, only slightly 
above the point of no visible discharge, estimated to 
be in the range of 0.05 grains per cubic foot. 

Only two types of dust and fume collection equip- 
ment are known to be capable of meeting this rigid 
performance requirement: 

1. Cloth bag filter 

(a) Orlon bags at 275 F, 
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(b) Glass fiber bags at 450-500 F (inlet), 
(c) Natural fabrics with quench cooling and 
reheating. 

2. Cottrell precipitator. 

Preliminary data from very small scale pilot plant 
testing may warrant consideration of: 

3. Sonic agglomerator—wet scrubber. 

Elsewhere, restrictions on cupola emissions are less 
rigid. Allegheny County, Pa., for example, limits 
cupola emissions to 0.85 lb. “Fly ash” per 1000 Ib of 
gas, or about 0.454 grains per standard cubic foot (60 
F). Assuming a maximum grain loading of 1.6, equip- 
ment having a collection efficiency of 71.6 per cent by 
weight would be required to meet Allegheny County 
standards. In contrast, the two wet scrubbers tested 
for efficiency by the Gray Iron Foundrymen’s Smog 
Committee in Los Angeles removed 57 and 70 per cent 
by weight respectively of the solids in the cupola 
gases. It follows that some, but not all, wet scrubbing 
devices may meet efficiency requirements in areas 
where concentrations of solids in cupola gases in the 
range 0.4 to 0.5 grains per SCF will meet code require- 
ments. 

Among dry inertial collectors, only a unit utilizing 
the louvred cone principle is known to be in successful 
use on a commercial scale. One such installation in a 
mid-western city is reported to have been approved by 
city authorities, although visible stack discharge is by 
no means eliminated. 

Where it is desired to eliminate a local “neighbor- 
hood” nuisance from rapidly settling coarse particles, 
various types of stack washers are available. These are 
generally “spark arresters” capable of removing only 
the larger particles from the stack gases. In some cases, 
stack washers are operated primarily as coolers and 
are followed by more efficient dynamic, centrifugal, or 
orifice-type scrubbers located at ground level. 


High Efficiency Equipment 
Figure 2 is a photograph and Fig. 3 a flowsheet de- 
scribing a completely automatic bag filter installation 


on a 54-in. I.D. cupola at a Los Angeles foundry.'* A 
refractory-lined, counterweighted baffle (A, Fig. 3) 





Fig. 2—Continuous automatic cupola fume control system 
at Los Angeles foundry employing filter with orlon bags. 
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restricts air infiltration through the charge door to 
reduce filtration volume and permit secondary com- 
bustion in the raised stack (B). Cupola lids (C) are 
counterweighted and power operated from the charge 
floor. Hot gases pass through a stainless steel stub 
pipe (D) to a spray quencher (E) where they are 
cooled to 450 F before passing through a carbon steel 
duct (F) to the secondary cooler (G) where the tem- 
perature is further reduced to 275 F. An exhauster 
(H) blows the gases through a five compartment, con- 
tinuous automatic bag filter (J), equipped with orlon 
filter bags and electrically-operated shaker mechan- 
isms. A thermocouple, located in the inlet duct (L) 
actuates a controller which, in turn, regulates cooler 
sprays and provides for by-passing at (K) in the event 
of water or power failure. Performance of this system 
is shown in Table 3. 


TABLE 3—PERFORMANCE OF FUME COLLECTION 





SYSTEM 
Measured 
10-8-52 

Gas volume entering filter @ 275 F, cfm 16,900 
Square feet of cloth 

with 5 compartments filtering 7,320 

with 4 compartments filtering 5,856 
Gas-to-cloth ratio 

with 5 compartments filtering 2.3 

with 4 compartments filtering 29 
Shaking cycle, minutes between shaking periods, 

each compartment 15 
Shaking duration, minutes per cycle l 
Gas temperature, degrees F 268 
Calculated dew point, degrees F 167 
Pressure loss through bags, inches water 

with 5 compartments filtering 5.9 

with 4 compartments filtering 6.7 
Exhauster motor hp rating 40 
Average weight dust caught, lb per hr 

in quencher 31.2 

in secondary cooler 6.4 

in dust collector 47.3 

Total 84.9 


Average dust loss in collector exhaust (thimble test), 
lb per hour 





The cost of purchased equipment was about $.94 
per actual CFM filtered, and the installed cost about 
double that figure. The collection efficiency was so 
close to 100 per cent that the sampling method em- 
ployed detected no solids discharging to atmosphere. 
No trouble was experienced in obtaining Air Pollu- 
tion Control District approval. 























Fig. 3—Flow sheet of continuous automatic cupola fume 
collection system illustrated in Fig. 2. 








> 




















Fig. 4—Flow sheet of hot blast equipment in conjunction 
with glass bag filter. 


Another application of filtration of cupola stack 
gas involves the use of hot blast heat exchangers as a 
substitute for part of the spray cooling. In Fig. 4, a 
portion of the combustible gas is withdrawn from the 
cupola at (A) and burned in an external combustion 
chamber (B), the hot combustion products passing 
through a tubular heat exchanger (C), where some of 
the heat content is transferred to clean air from the 
cupola blower (D). This hot air is blown into the 
cupola through the tuyeres (E) with a consequent 
reduction in coke consumption. The gas burned in the 
cupola stack rejoins the effluent from the heat ex- 
changer at (F), the whole passing through a primary 
separator (G) and fan to the bag house (H). In this 
example, the filter is a pressure-type unit with hand 
shaken fiberglas bags, housed only for weather protec- 
tion. This type of semi-enclosed bag house is oper- 
ated at an inlet gas temperature of 450-500 F, and is 
used also without hot blast equipment; in which case, 
additional spray cooling, in the form of a stack washer 
or separate spray chamber, is required. The cloth area 
of the large (1l-in. diam by 15 ft) filter bags is based 
on a 3.0:1 air-to-cloth ratio. When the pressure drop 
builds up to about 6.0 in. w.g., a workman isolates 
each section and operates the shaker. Collection effi- 
ciency is well within code requirements. For installa- 
tions not involving hot blast, the equipment cost is 
stated to be about $1.80 per CFM filtered. 

Electrostatic precipitators may be used in cleaning 
cupola gas with or without preceding hot blast equip- 
ment. Because of the high cost of electrostatic units, 
they are more apt to be selected by larger production 
foundries for use in conjunction with hot blast. Rad- 
cliffe® has described one mid-western installation, 
schematically illustrated in Fig. 5. Data on efficiency 
of Cottrell precipitators against cupola fume are lack- 
ing; however, recoveries in excess of 90 per cent by 
weight are indicated. In conditioning the gas with 
water vapor, the temperature may be reduced to as 
little as 225 F, requiring precautions against conden- 
sation and corrosion. Installation cost for precipitators 
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Fig. 5—Schematic diagram of Cottrell precipitator and 
hot blast equipment cleaning gas from two cupolas in 
midwest foundry. 


and coolers only may run about $2.80 per CFM at 300 
F, based on 5500 CFM at the tuyeres. 

Possibly, because of its high cost (estimated at 
around $6.00 per CFM), sonic agglomeration has not 
been commercially applied to cupola fume collection; 
although, a pilot plant test of sonic agglomeration, in 
series with a wet scrubber, showed that high collec- 
tion efficiencies could be obtained. 


Moderate Efficiency Equipment 

Many dry-type dust collectors are in use on cupola 
gas, ranging from wire screen “spark arresters” and 
Sheet metal settling boxes to more elaborate inertial 
and centrifugal units. Most of these trap only the 
coarsest material. 

Hot blast is used in conjunction with other collec- 
tors than bag filters or Cottrell precipitators. Figure 6 
shows the stack appearance of a vortex collector down- 
stream from heat exchange equipment in another mid- 








Fig. 6—Photo of discharge from vortex collector stack 
following hot blast equipment at midwest foundry. 
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Fig. 7—Schematic diagram of hot blast equipment with 
vortex collector for dust elimination. 
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Fig. 8—Cupola stack washer of type widely used for 
elimination of sparks and coarse material. 
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western city. This installation is reported to have 
received approval of the city authorities, and is recov- 
ering about 16.5 lb of dust per ton of iron melted. 
The installation is schematically illustrated in Fig. 7. 
The manufacturer estimates that, for 10,000 CFM of 
blast air, the cost of equipment as illustrated will vary 
from $100,000 to $150,000 for each pair of cupolas, 
including the hot blast. 

Figure 8 illustrates one type of cupola stack washer 
used to trap cinders and coarser dust fractions. Water 
flows over the cone baffle and forms a curtain across 
the peripheral vent space. A gutter and drain car- 
ries the sludge to settling basins or dewatering tanks 
from which the clarified water may be recirculated. 
It is doubtful that this type of equipment can be ex- 
pected to meet the more recent atmospheric pollution 
code requirements, but stack washers have served and 
will continue to serve a useful purpose at reasonable 
cost. They may be used in conjunction with secondary 
cleaners such as the centrifugal scrubber illustrated in 
Fig. 9, and have been, in one installation, used as gas 
coolers preceding a bag filter. 





CLEAN AIR OU 


ENTRAINMENT SEPARATOR 


i) ne 





WATER AND SLUDGE 
OUTLET 
Fig. 9—Combination centrifugal and impingement scrub- 
ber sometimes used in connection with stack washers and 
widely employed in foundries generally. 
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Fig. 10—Orifice type scrubber with sludge removal system 
used frequently on electric furnace ventilating systems 
and widely for general dust control in foundries. 


Electric Furnaces 


The electric arc furnace melting of carbon and 
alloy steels is a familiar contributor to atmospheric 
pollution of industrial areas. 

Allen, Viets and McCabe" report that gases from 
small electric furnaces used in the foundry industry in 
Los Angeles County may vary from 2000 to 3000 
SCFM per 1000 lb of process weight per hour contain- 
ing in the neighborhood of 0.4 grains solids per SCF. 
This is equivalent to 5 to 8 lb of particulate matter 
per ton of metal melted per hour. Expressed in an- 
other way, solids emission may be 0.3 to 0.4 per cent 
of the process weight. Dust characteristics and operat- 
ing conditions for larger furnaces are similar to 
smaller ones but fume losses are higher—0.5 to 0.6 
per cent of process weight. One source! claims dust 
losses nearer 1.0 than 0.6 per cent. 

In melting carbon steel, the fume may run as high 
as 97 per cent iron oxide while the fume from alloy 
steels may assay high in various alloying elements. 
As much as 90 to 95 per cent of the particles are 0.5 
microns and less in size. Where oily borings are 
charged, the furnace emissions will contain consider- 
able oil and smoke and some vapor. 

In removing dust, fume, and gases from arc fur- 
naces by exhaust ventilation, a variety of hood types 
are employed, depending on the arrangement of elec- 
trodes and gear above the furnace top, as well as the 
method of charging and operating used, Canopy hoods 
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located above the craneway offer the least interference 
with established operating procedure but are wasteful 
in air volume and equipment requirements. Effective, 
but by no means perfect, is the furnace roof hood 
attached to the top ring. They require stiffening to 
prevent sagging at the high temperatures encountered 
and employ non-conducting inserts around the elec- 
trodes to prevent short circuiting. Lower gas volumes 
at higher temperatures are used but the excess air in- 
filtration at the hood and at the duct connection 
prevents excessive heat at the collector. Emerson'® 
reports no difference in roof life and no appreciable 
increase in electrode consumptions with the furnace- 
top hood, while Harrod!* reports a 70 per cent in- 
crease in roof life due to air cooling. 

The possibility of evacuating the gases directly from 
the furnace body or roof has been explored in several 
plants, there being an obvious advantage in the ab- 
sence of external hooding on the furnace roof. In 
one case,1§ the design provides for evacuating up to 
1000 SCFM (70 F) from the shell of a 714-ton furnace 
at 3150 F maximum with spray cooling to reduce the 
temperature to 275 F for filtration. The gas volume, 
being only 3440 CFM at 275 F, represents a small 
fraction of that required with more conventional 
hooding. 

In another instance,!® gases are withdrawn from a 
25-ton arc furnace in sufficient quantity to maintain a 
negative pressure under the roof varying between 0.01 
and 0.03 in. w.g. Quantitative data are lacking. 

Fume collection equipment heretofore used has 
been mainly of the wet scrubber type. Many installa- 
tions have been made of the furnace-top hood in con- 
junction with dynamic scrubbers and, more recently, 
orifice scrubbers of the type illustrated in Fig. 10. 
Figure 11 illustrates one such installation. Accord- 





Fig. 11—Photo of arc furnace with roof type hood and 
orifice scrubber (background ). 
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ing to Kane,?° good conventional wet dust collectors 
can remove some 80 per cent of electric furnace fume 
particles and reduce stack concentrations of 1.0 grain 
down to 0.2 grain per cubic foot. This degree of clean- 
ing will reduce but not eliminate visible solids in the 
stack discharge. 

Zang”! reports that orifice scrubbers have reduced 
fume particles from 0.35-0.57 grains to 0.15-0.18 grain 
per cubic foot, a weight efficiency of about 74 per cent. 
[his recovery meets emission rate provisions of the 
city code; however, the small quantity of solids leaving 
the stacks is still conspicuous to the eye. 

Tests of a tubular cloth bag filter (Fig. 12) against 
arc furnace gases containing metallic fume plus smoke 
from oil-soaked borings showed an entering grain 
loading of about 2.0 and a collection efficiency of plus 
99.9 per cent by weight.'® No visible solids could be 
detected in the filter effluent gas. The tubular-type 
filter bag with mechanical shaking mechanism at the 
top of the unit proved advantageous as demonstrated 
by the back pressure range, varying from a maximum 
of 1.8 in. w.g. just before shaking to 0.2 in. just after 
cleaning the bags. —The equipment cost f.o.b. vendor’s 
plant ranges from $0.60 to $1.30 per CFM exclusive of 
the furnace hood (s), depending on type of cloth and 
accessories selected. 

Equally efficient are tubular cloth bag filters em- 
ploying reverse-jet bag cleaning, schematically illus- 
trated in Fig. 13. Dirty gas enters at the top (A) de- 
positing dust on the inside of the felt filter bag (B), 
and the cleaned gas passes through the filter to atmos- 
phere. An annular slotted ring (C) traverses the 
bag, dislodging collected particles from the filter by 
means of a jet of clean air supplied by an auxiliary 
blower (D). The dislodged solid material drops to a 

















Fig. 12—-Cutaway view of bag-type cloth filter of type 
used for cupola and electric furnace gas cleaning. 








Fig. 13—-Schematic drawing of reverse jet filter illustrat- 
ing gas travel and method of cleaning bag. 


screw conveyor (E) or hopper from which it is re- 
moved for disposal. Where wool felt is used as the 
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Fig. 14—Cutaway view of bag filter using reverse jet 
cleaning principle. 
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Fig. 15—Cutaway diagram of venturi scrubber followed 
by cyclonic scrubber as used for fume elimination. 


filter medium, high air-to-cloth ratios are often em- 
ployed with continuous blow-back by the traveling 
ring. With ratios of 12.0:1 and higher, the equipment 
cost would be competitive with the conventional bag 
filters. One commercial model is illustrated in Fig. 14. 

At least one installation of Cottrell precipitators 
has been made cleaning ventilation gases from large 
arc furnaces pouring ingots. No performance data or 
costs are available; however, it may be presumed that 
satisfactory collection efficiencies are attained. 

A pilot scale test of a venturi scrubber showed that 
0.21 grain per SCF entering the unit was reduced to 
0.035 grain per SCF, or a removal efficiency of 83.5 
per cent by weight. Figure 15 is a schematic view of a 
venturi scrubber-cyclonic scrubber combination as 
commonly used for fume removal. Water is intro- 
duced through nipples at the venturi throat where 
thorough mixing with the dirty gas is effected by ex- 
tremely high gas velocities and turbulence. The 
wetted particles and entrained moisture are removed 
in the cyclonic scrubber. Operating pressure (and 
power consumption) is high, depending on the effi- 
ciency required. Equipment of approximately the 
right size for a 1l4-ton arc furnace (10,000 CFM) 
would cost about $1.00 per CFM delivered. 


Open Hearth (Reverberatory) Furnaces 


The control of air pollution from open hearth and 
reverberatory furnace stacks presents certain problems 
to the designer of air cleaning equipment. Grain load- 
ings are not high, ranging up to 2.0 per SCF, and per- 
haps averaging around 0.43? depending, of course, on 
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the type of charge, the fuel burned, the draft main- 
tained, and whether waste heat boilers are installed. 
Because of the small particle size of the contaminant 
(one authority states 55 per cent minus 5 microns; 50 
per cent minus 1.0 micron), the stack emissions are 
easily visible because of the large surface area of the 
dust available to refract light. Even when the solids 
emission rate is reduced below existing code require- 
ments, visible stack discharge continues. A reduction 
of 95 to 98 per cent in the solids content of the stack 
gas is required to eliminate visible discharge, which 
exists above 0.05 grains per cubic foot. From the pub- 
lic relations viewpoint, a “clean stack” is highly 
desirable, especially where the casual bystander is 
unable to differentiate between high and low grain 
loadings in the visible range. 

Vajda and Dreher?’ have published results of their 
extensive pilot-scale tests of various commercial dust 
collectors. Their results are summarized in Table 4. 














Tasie 4—EFFICIENCY oF VARIOUS Dust COLLECTORS 
TREATING OPEN HEARTH FURNACE GAS 
Effi- 
ciency 
Primary Secondary % by 
Collector Collector Conditioner Wet. 
Sonic Agglomerator ———— —_——_—— 20 
- ——— Steam or water 55 
Dry dynamic ae 20 
‘a Steam or water 55 
Wet dynamic - 90 
—__—_—_— og ———— 45 
ee Small dia. cyclones —— 43 
—__—_—— Low voltage a 80 
electrostatic 
Orifice Scrubbe1 — asian 50 
Wet filter es 57 
Gravel Filter a 66 
—a Traveling bed filter —e 78 





This table should be interpreted with caution since, 
obviously, the details of the tests cannot be given in a 
summary of this nature. It is apparent, however, that 
none of the units tested could be expected to consist- 
ently produce a “clean stack,” even though several 
showed promise of being able to meet Allegheny 
County Code requirements. 

Pilot plant testing** of a high voltage (Cottrell) 
electrostatic precipitator against open hearth furnace 
dust having a median particle size under 0.5 micron 
showed a reduction in concentrations to 0.006 grain 
per cubic foot average over an entire operating cycle. 
Depending on the phase of the operating cycle, in 
which entering dust loadings varied from 0.18-0.44 
during the melting period to 1.2-1.55 grains per cubic 
foot during tapping and lancing, the Cottrell effluent 
gas contained 0.005 to 0.12 grains of solids per cubic 
foot. A commercial installation of Cottrell precipita- 
tors on nine open hearth furnaces has been placed in 
operation at a recently built steel plant. Operating 
data are not yet available. 

Two commercial installations of venturi scrubbers 
are in operation on open hearth furnace gas.*5 Mean 
particle size is in the range 0.25 to 0.33 microns 
(weight basis). Reported collection efficiencies run 
from 97.0 to 99.7 per cent by weight. Data on cost 
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and power consumption are not available. 

Other types of high efficiency wet scrubbers have 
not been tested. Stream pollution regulations are such 
that the industry is reluctant to employ wet collectors, 
other than those in which the water can be recircu- 
lated, because of the large volumes of water requiring 
treatment and disposal. 

Bag filters will produce “clean stacks” and their 
eventual adoption will become a matter of economic 
comparison, 


Non-Ferrous Melting 


Generalization on the subject of dust and fume col- 
lection equipment in the non-ferrous foundry industry 
is difficult. Countless alloys are poured from a wide 
variety of melting furnaces, ranging from pots or cru- 
cibles to reverberatory and induction furnaces of 
elaborate design. Again, we rely on Los Angeles 
County for the majority of our data." 

Light Metals—In the production of aluminum and 
magnesium alloy castings, various chlorides and cryo- 
lite are used in fluxing, which results in the presence 
of both gaseous and solid chlorides and fluorides in 
the stack gases. Recent emphasis on the role of fluor- 
ides in atmospheric pollution suggests the desirability 
of trapping as much as possible of this toxic material. 
Gaseous fluorine compounds are mainly hydrofluoric 
acid and silicon tetrafluoride. 

One pilot installation of a wet electrostatic precipi- 
tator proved highly efficient against both solids and 
gases. From 87 to 99 per cent of the solids was re- 
covered and nearly all the gaseous chlorides and 90 to 
98 per cent of the gaseous fluorides were also trapped. 

Very probably many of the more efficient scrubbers 
may prove effective because of the high solubility of 
the chlorides and fluorides. Pilot tests of the venturi 
scrubber indicated that satisfactory recovery of solid 
particles and nearly complete recovery of gaseous 
chlorides and fluorides could be expected. 

Because of the need for removal of gaseous fluorides 
from stack gases, dry methods of collection should be 
approached with caution where these compounds are 
known to be present. 

Copper Alloys—The non-ferrous smelting industry 
has, for years, turned to bag filters for the recovery of 
values in the form of zinc, lead and cadmium oxides. 
In copper smelters, acid concentrations and gas tem- 
peratures were well beyond the range considered suit- 
able for natural fiber filter fabrics, and electrostatic 
precipitators have wide use in that industry. 

In the production of copper alloy castings, the fume 
evolved from the melt comprises mainly oxides of 
zinc and lead and lends itself readily to recovery by 
filtration. In some cases, the collected material has 
some value as a paint pigment; in others, it is worth- 
less and must be disposed of. A high zinc oxide con- 
tent of the fume suggests possible use as a pigment 
and makes dry collection mandatory. 

One mid-western foundry pouring brass castings has 
operated a bag filter for several years in connection 
with a rotating electric furnace.!S The cold air infil- 
tration at the furnace hood is sufficient to cool the 


ee 
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gases below 180 F, the maximum operating tempera- 
ture for cotton filter bags. Cost data are obsolete. 
Many installations of filters using treated glass fiber 
bags have been made in west coast non-ferrous metals 
plants and foundries. These are of the same general 
design previously illustrated in connection with gray 
iron cupolas and have met L.A.A.P.C.D. approval, 

High cost has prevented widespread use of Cottrell 
precipitators in connection with non-ferrous melting 
operations. However, from the standpoint of collec- 
tion efficiency, electrostatic precipitation can be ex- 
pected to rank below cloth filters in collection efli- 
ciency. Their use may be justified where extremely 
corrosive gases are handled at temperatures close to 
the dew point, requiring special construction mate- 
rials to withstand corrision. ‘They may also be prefer- 
able where gases must be handled without cooling at 
temperatures above 500 F. 

Static and dynamic scrubbers were tested in Los 
Angeles on copper alloy furnace gases with indifferent 
results so far as meeting A.P.C.D. Code requirements 
is concerned.!* This does not mean that the collection 
efficiency of well-designed scrubbers will not meet air 
pollution requirements elsewhere. In fact, many in- 
stallations of wet collectors have been made in locali- 
ties having less stringent standards. One pilot scale 
test of a venturi scrubber reportedly yielded a collec- 
tion efficiency of 65 per cent. Another test conducted 
at a smelter in England showed collection efficiencies 
ranging from 92.1 to 99.1 per cent by weight against 
lead and zinc fume. 

Because of the wide variations in equipment and 
melting practice in the copper alloy casting industry, 
these comments should not be applied to the indi- 
vidual job. Every reputable manutacturer of dust and 
fume collection equipment will have specific operat- 
ing data, applicable to the individual situation, which 
he will be more than willing to make available. 
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CORRELATION OF AIR FURNACE BOTTOM TEMPERATURE TO 
REFRACTORY AND OPERATING PRACTICE IN A CUPOLA-AIR 
FURNACE DUPLEX SYSTEM 


By 
F. W. Jacobs* and J. S. Lawrence, Jr.** 


ABSTRACT 

This paper represents a practical approach to control of 
refractory bottom life in an oil-fired air furnace by means of 
measuring temperatures of the furnace bottom. 

Experimental work was done during a 10-month period of 
regular production practice using the air furnace of a cupola- 
air furnace duplex system in a southwestern malleable produc- 
tion foundry. 

Method of furnace construction is shown including the 
method of placing the thermocouples under the service bottom 
for temperature measurement. 

Graphs are used to compare results and show differences in 
retained bottom temperatures as related to amount of ventila- 
tion on the furnace bottom, size and type brick, variable con- 
struction and operation methods, slag treatment and effect of 
intermittent operation of furnace. 

Costs expressed in man-hours per ton and 9-in. equivalents 
of brick per ton are presented for comparison of the nine cam- 
paigns covered in the paper. 

Results indicate that measurement of bottom temperature is 
a definite aid in predicting bottom life and should be a useful 
control tool notably in those foundries which are limited to the 
use of one air furnace and where bottom failure in the middle 
of the week would seriously handicap production. 


Introduction 


One of the important problems facing air furnace 
operators today is that of furnace repair. Through 
many years of experience operators have learned to 
judge the condition of the bottom of an air furnace 
by such visual checks as noting the degree of joint 
erosion, spalled bricks, contraction cracks, the ease 
with which a furnace drains, and the amount of 
metal slabs remaining when drained. In most cases 
they have been able to get sizeable tonnage over a 
given bottom before it becomes unserviceable or be- 
fore it actually comes up. However, the last week or 
two of service on a bottom usually becomes a matter 
which weighs heavily on the operator’s mind and he 
wonders whether he is operating safely or if his judg- 
ment was sound and then when the bottom is torn 
out, he asks himself if he could have gotten another 
week out of it. 

Knowing that brick has the capacity for absorbing 
and storing heat and assuming that this capacity 
might well be dependent on the thickness of the lin- 
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ing and numerous other factors which are discussed 
later in this paper, it was decided at the authors’ 
plant to adopt some method of measuring this re- 
tained heat and to correlate the findings with bottom 
practice over a period of several furnace campaigns. 


Melting and Refractory Practice 


The duplex cupola-air furnace melting equipment 
at this plant consists of a 90-in. cupola lined to a 54- 
in. melting zone which feeds continuously a 34-ton 
capacity oil-fired air furnace (Fig. 1). The cupola is 
charged by skip hoist. Blast is supplied by a centri- 
fugal blower and is dehumidified by means of a Kath- 
abar system. The monolithic lining of the cupola is 
repaired each night by means of a blower gun. The 
slag is removed from the metal by a front slagging 
arrangement and is quenched in water for easy exam- 
ination and disposal. 

The air furnace is fired with No. 5 fuel oil using 
two low pressure burners. 

The burners are sighted against a given point on 
the back bridge wall and set slightly toed to center 
line of furnace so that the flame hits the bath at the 
tap hole area. 

A burner bridge 3814 in. long is maintained direct- 
ly in front of the burner wall to prevent excess oxida- 
tion of the metal directly below the burners, Fig. 2. 





Fig. 1—View of cupola-air furnace duplex system. 
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Fig. 2—Layout of duplexing furnace. 

The bottom slopes 14 in. per ft from burner bridge burner bridge is 1414 in. above center line of furnace 
to center between tap holes for a distance of 9 ft, 1 in. at lower tap hole. Bungs are set so that center of 
The slope from the tap holes to the back bridge walls bung arch measures 10 in. over bridge wall. 
runs 1g in. per ft. The rise from the center of the in- The refractory bottom consists of 1 in. of ganister 
verted arch of the bottom to the side walls is 2 in. laid directly on the furnace bottom plate, two courses 
and the drop from centerline to the lower tap holes of high duty (40 pct alumina) side wall brick laid in 


is 2 in. The skim door sill is 914 in. and the back rowlock courses making a 9 in. sub-bottom, 2 in. sand 
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between sub-bottom and service bottom and 9 in. of 
service bottom making a total of 21 in. 

Side walls, 1314 in. thick, are laid directly on the 
bottom plate. The sub-bottom and service bottom 
are wedged between the side walls. The service bot- 
tom is normally laid with large 9-in. straight, 70 pct 
alumina brick using a high alumina heat setting mor- 
tar for a dip joint. When the bottom is completed, 
it is swept with this same mortar. 

Drain rows are constructed in the sub-bottom as a 
means of draining metal from the furnace in case of 
bottom failure. Each row leads from the center of 
the furnace to a tap block which is located in a frame 
attached to the side of the furnace. The forward 
drain row is located 46 in. ahead of the bottom tap 
hole at a point 8 ft, 514 in. from the burner wall and, 
facing the burners, drains to the right side of the 
furnace. The rear drain row is located 42 in, behind 
the bottom tap hole and drains to the opposite side 
of the furnace. 

The tap holes are arranged triangularly in a metal 
frame attached to side plate of furnace. This permits 
easy replacement of tap blocks without disturbing 
the side wall. The center of upper tap holes measures 
5 in. above center of lower tap hole. 

The metal bath measures 7 ft, 6 in. in width by 31 
ft, 9 in. length. Depth of the bath at tap holes is 
81% in. 

The melting system supplies metal for a one shift 
operation. Because the air furnace is oil-fired, it is 
necessary to maintain enough slag on the bath to pre- 
vent excess reduction of carbon in the metal. At the 
end of the cupola run it has been standard practice 
to cover the entire bath with slag drained from the 
cupola, Additions are made to the bath through a 
test door located on the right side of the furnace just 
back of the tap blocks. The average temperature of 
the cupola metal is 2760 F (1516 C) and the aver- 
age furnace tap temperature is 2850 F (1566 C). The 
furnace is lighted off normally at 1:30 each morning, 
except mornings following a week end shut down, and 
the heat is out between 2:30 and 3:30 each afternoon. 
As much slag is drained from the furnace each day as 
possible. 





Fig. 3—Relationship of front and back thermocouple 
protecting tubes in position directly above sub-bottom. 
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Method of Measuring Bottom Temperature 

Initial work on temperature measurement of the 
bottom was confined to measuring temperatures di- 
rectly below the service bottom in the center of the 
furnace just forward of the tap hole area. This posi- 
tion was chosen first because of the expediency in 
positioning the thermocouple tube in the drain row 
and secondly because it represented to us the hot spot 
of the bottom. 

A closed end nickel-chromium alloy case protect- 
ing tube, 1-15/16 in. O.D. x 13/16 in. 1.D. with 3% in. 
thread connection was set in the forward drain row 
with the tip centered between sidewalls in sand 14 in. 
below the service bottom, the threaded open end be- 
ing set just inside the hole of the drain tap block 
permitting easy access of the thermocouple element. 
A No. 8 gauge bare wire chromel-alumel thermo- 
couple element with double core insulators was then 
inserted through the drain block into the protecting 
tube so that the hot junction rested at the tip of the 
tube. This permitted easy removal of the thermo- 
couple for checking against standard couples. 

Finally and commencing with Bottom No. 3 a simi- 
lar arrangement was made for checking temperatures 
below the service bottom behind the tap holes by 
placing a tube in the rear drain row and similarly in- 
serting thermocouple through the rear drain tap 
block (See Figs. 3, 4 and 5.) 

The protecting tubes are inspected and reset on 
each bottom repair prior to laying the bottom and re- 
main in the furnace for the duration of the cam- 
paign. Figures 6 and 7 show views of the completed 
furnace prior to placing the bungs. 

Temperatures are read and recorded twice daily 
using a portable potentiometer. The first tempera- 
ture is recorded at light off time and the final temp- 
erature recorded immediately after the heat is out. 
For practical purposes these temperatures represent 
the condition of the bottom although it has been 
found by test that an average downward lag of 70 F 
occurs 3 to 4 hr after light off time before the bot- 
tom at the point of measurement starts to pick up 
heat. Similarly after a days run an average upward 
lag of 30 F occurs 2 to 3 hours after official measure- 





Fig. 4—Relationship of back thermocouple protecting 


tube to service bottom. 




















Fig. 5—Placement of thermocouple through drain tap 
block into protecting tube laying in sub-bottom drain row. 


ment before the bottom starts to cool down. 

The bottom temperatures are plotted on a daily 
control chart to show maximum and minimum temp- 
eratures on both front and back thermocouples as 
may be seen in Fig. 8. Here can be seen the cyclic 
nature of the graphs. The sharp dips in the graphs 
of the early morning temperatures indicate the extent 
to which a bottom cools down over a week end shut 
down. It is noticed that the front and back thermo- 
couple readings follow very closely. The maximum 
temperature graphs are more indicative of bottom be- 
havior and serve to point out the area of most heat 
concentration whether this be caused by firing meth- 
ods or weaknesses in the bottom itself due to spall- 
ing action, metal penetration, or thinness of lining. 
Thus the front thermocouple may show a higher 
reading than the back thermocouple or vice versa 
dependent on the above mentioned conditions, 


Test Procedure 


When it was ascertained from Bottom No. 0 that 
bottom behavior might be closely allied with retained 
heat of the bottom brick, a program was set up to 
study the effect on bottom temperatures of bottom 
ventilation, two sizes and types of bottom brick, dif- 
ferent methods of laying these brick, and finally the 





Fig. 6—View of completed bottom looking toward burners. 
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effect of cupola sag on bottom brick. 

Bottoms No. | and No. 2 were laid with materia| 
and methods identical to Bottom No. 0 in order t 
study effect of ventilation on the bottom tempera 
ture. 

The program starting with Bottom No. 3 and end 
ing with Bottom No. 7 called for one change at ; 
time on each successive bottom. It was planned, a: 
seen in Table 1, to make a gradual change-over from 
using 70 pct alumina large 9-in. straight bottom brick 
with high alumina heat setting mortar for a dip joint 
to using 60 pct alumina regular 9-in. straights laid 
dry on Bottom No. 5. This was then followed by the 
same type of bottom on Bottom No. 6 where a fillet 
of cupola slag was placed between sidewalls and bot 
tom on all four sides of furnace. Bottom No. 7 was 
planned to be identical to Bottom No. 2 as a check 
back. 

Since these experiments were carried out on a pro- 
duction unit, variables other than those originally 
planned were introduced during the entire program 
some of which were bound to affect the final results. 
These variables, namely the length of burner bridge, 
the depth of bath, the average outside temperature 
and the tap temperature, are listed in Table | and 
will be referred to from time to time in this paper. 


Effect of Ventilated Bottoms 


Facts listed after Bottom No. 0 on Table | repre- 
sent operating conditions which prevailed at the start 
of the experiment. The first change came about with 
a decision to raise the bottom plate of the furnace 
in order to reduce the thickness of refractory in the 
sub-bottom, thereby hoping to better ventilate the 
bottom and lower the retained heat in the service bot- 
tom. As shown in Fig. 2, the refractory bottom in 
the old shell consisted of three 414 in. courses of high 
duty side wall brick laid row lock directly on the bot- 
tom plate, 4 in. sand, and the 9-in. 70 pct alumina 
service bottom brick making a total of 2614 in. of 
refractory. The refractory in the new shell as also 
shown in Fig. 2 and referred to previously in the 
paper consisted of 21 in. total refractory thereby re- 
ducing the insulating effect by 514 in. 

By noting Fig. 9 which is a plotting of maximum 


Fig. 7—View of completed bottom looking toward back 
bridge wall. 
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TasBLe 1—Botrrom REcorD 








Length Temperature Total Total Tons 
Bottom Date Burner Depth °F + Tons on Heats on Per 
No. In Out Type Brick Mortar Risé Bridge, Bath,Room ‘Tap Bottom Bottom Heat Remarks 
0 11-19-51 12-21-52 70% Al,O; Hi-Alumina 
Large 9” Strt. Heat Setting 3 18 104% 50 2810 2025 23 88 Old Shell. See 
note 1. 
l 1-2-52 2-22-52 Same Same 3 18 1014 55 2810 3548 35 =6.101 New Shell. See 


note 2. Front half 
bottom replaced 
after 18 heats. 

2 2-25-52 3-21-52 Same Same 2 18 104 50 2810 1654 20 83 Installed 6514” 
burned bridge 
$-8-52. Tap 
2850 F, 3-20-52. 


3 3-24-52 4-18-52 60% Al,O; Same 2 52 914, 60 2850 1684 20 84 Started using 
Large 9” Strt. “ Thermocouples in 
2 locations. See 
note 3. 
{ 4-21-52 5-16-52 60%, Al,O; Same 2 38144 814 70 2850 2015 21 96 Bottom up 12:00 
9” Strts. N. Heat 21. From 


right side over 
thermocouple. 

5 5-19-52 6-6-52 Same None 2 3814 81% 75 2850 1457 15 97 Bad joint between 
bottom and side 
wall back of left 
side tap holes. 

6 6-9-52 6-25-52 Same None 38144 81% 85 2850 1049 11 95 Bottom up 2:19 
p-m. Heat 11. 
Bottom bowed up 
across furnace at 
tap hole are slag 


fillet. 
7 6-30-52 7-24-52 70% Al,O, Hi-Alumina Slag reaction 
Large 9” Strt. Heat Setting 2 38144 814 85 2850 1732 18 96 noticed. 


814 80 2850 2347 30 78 Slag treatment. 
Short heats and 
work weeks. 

Notes: 1. Old Shell—Bottom composed of 3 courses sub-bottom each 414” thick, 4” sand, 9” service bottom. Total 2614”. 

2. New Shell—Bottom composed of 1” Ganister on Shell, 2 courses sub-bottom each 414” thick, 2” sand, 9” service bottom. 
Total 21”. 

3. Chromel-Alumel Thermocouples set in Chromel T sealed tubes. Front couple set in drain row. Tip centered between side 
walls in sand 14” below service bottom, 46” forward of bottom tap hole and 8’514” from burner well. Back couple set in 
drain row similar to front couple but 42” back of bottom tap hole. 


8 7-28-52 9-11-52 Same Same 2 3814 
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Fig. 8—Typical daily control chart showing maximum and minimum temperatures recorded on front and back 
thermocouples. 
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Fig. 9—Graph of maximum daily temperatures comparing “old shell” and “new shell” construction. 


daily temperatures it can be seen that Bottom No. | 
ran about 150 F cooler the first three weeks of opera- 
tion than did No. 0. This was felt to be partly due 
to the increased ventilation and partly due to the fact 
that the entire refractory in the furnace was new and 
at room temperature at the start of the campaign. 
The break in the curve during the fourth week of 
operation was due to a one day shut-down, After one 
heat in the fifth week, the furnace was shut down to 


replace the front half of the bottom. By doing so, it 
can be seen that the furnace bottom lasted 35 heats 
and reached a maximum temperature of 1750 F (954 
C). The graph of No. | shows the effect on tempera- 
ture of frequent interruption of the five day week. 
Decision to end this particular campaign was based 
on visual observations alone. 

Bottom No. 2 more closely indicates the real effect 
of better bottom ventilation and shows an average 
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Fig. 10—Graph of maximum daily temperatures showing effect of type and size bottom brick, method of construc- 
tion, and other variables as listed in Table 1. 
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weekly maximum temperature approximately 50 F 
less than similar runs on No. 0. The sharp upswing 
of temperature during the third and fourth week of 
operation was no doubt due to the installation of 
a longer burner bridge after the second week of oper- 
ation. The new bridge was installed to find out if 
the absence of a burner bridge caused excess oxida- 
tion of the bath near the burner wall. This was dis- 
proven and the length of the bridge was reduced on 
successive bottoms. The new burner bridge came 
within 40 in. of the thermocouple and resulted in 
faster wear of the bottom brick in the front half of 
the furnace, thus increasing the retained heat at the 
point of measurement. The change of the rise from 
the center of the bottom to the sidewall from 3 in. 
to 2 in. was felt to have no effect on recorded temper- 
atures. This flattening of the bottom was done by us- 
ing less sand between the bottom and sub-bottom ad- 
jacent to the sidewalls, and the purpose being to pre- 
vent excess erosion of the bottom near the sidewalls. 


Comparison of Type Brick 


Figure 10 illustrates in graphic form the effect of 
the above mentioned variables in the test program. 
The graph for Bottom No. 2 serves as the master 
pattern for comparison of results on successive bot- 
toms. As mentioned before, starting with Bottom No. 
3, two thermocouples, front and back of the tap hdles 
were used to measure temperatures. Temperatures 
plotted in Fig. 10 represent the maximum for the 
day whether they be front or back thermocouple 
readings. 

The graph for No. 3 bottom as compared to No, 2 
shows the comparison of using 60 per cent alumina 
large 9 in. brick against using 70 pct alumina large 
9-in. brick. Each campaign lasted 20 heats and Bot- 
tom No. 3 reached a maximum temperature of 2050 
F (1121 C), approximately 190 F hotter than maxi- 
mum on No. 2. Although No. 3 reached about the 
same maximum temperature as No. 2 after the first 
weeks run, it failed to cool down as much over the 
week end and each subsequent week indicated an in- 
creasingly wide variation in maximum temperature. 
This variation is felt to be caused by four factors: 
first, the difference in type brick; second, the increase 
of burner bridge length; third, the slight increase of 
outside average temperatures; and fourth, the in- 
crease of furnace tap temperature. The only factor 
in favor of lower retained heat on this bottom would 
be the decrease of depth of metal bath. Bottom No. 
3 was torn out because of a bad cracking and spalling 
condition of the brick. 


Comparison of Size Brick 


Comparing Bottom No. 4 to Bottom No. 3, the 
principle change made was to use regular 9-in. bot- 
tom brick in place of the large 9-in. brick as formerly 
used. As noted by the graph, Bottom No. 4 ran al- 
most 60 F hotter than No. 3 and did so for the last 
3 weeks of the campaign. Significant is the fact that 
even though the maximum temperature of No. 4 
reached at the end of the first week was less than that 
of No. 3 the 6 day operation on No, 4 prevented the 


485 


bottom from cooling to as low a temperature over the 
week end as did No. 3. Of the variables, the length 
of burner bridge and depth of bath was less, the out- 
side temperature slightly higher, and the tap temper- 
ature the same, which collectively should have made 
for a cooler bottom. Thus the main reason for No. 4 
running higher in temperature than No. 3 lies in the 
size brick itself. The bottom laid with the smaller 
brick having more joints to erode, more chance for 
metal penetration, should have and did reach a high- 
er temperature. Bottom No. 4 had a bad spalling and 
cracking condition as did No. 3 and came up at 12:00 
noon on the 21st heat at a point directly over the 
front thermocouple. Temperature recorded on this 
thermocouple a few minutes before the bottom 
floated was 21]1 F (1154 C). 


Comparison of Method of Laying Bottom Brick 


Bottom No, 5 was different from No. 4 only in that 
this bottom was laid dry and swept with sand. Temp- 
erature wise it ran a similar course to No. 4 except 
that the hot spot developed at the back thermocouple 
area. Checking against operation of the furnace it 
was felt that the length of flame on this run was 
greater than that on No. 4 as verified by sidewall 
burnout and was sufficient to move the zone of great- 
est heat to the rear of the tap hole area. Although 
the temperature of Bottom No. 5 was less at the end 
of 3 weeks than that recorded on No. 4, the bottom 
had a bad cobblestone effect, more so than did No. 4 
as well as a bad joint between the bottom and side 
walls back of the left tap holes. It was therefore de- 
cided to be safe and remove it. 


Effect of Cupola Slag on Bottom 


Bottom No. 6 was laid identical to No. 5 except 
that a fillet of granulated cupola slag was placed at 
the junction of bottom and side walls on the theory 
that the slag would melt upon firing and flow down 
over the bottom thus sealing the joints, As seen in 
Fig. 10, this bottom deteriorated fast and by the third 
week had developed such a bad cobblestone condi- 
tion and had started to crack and spall so bad that 
it came up during the 11th heat at 2:19. The temp- 
erature reached a maximum of 2160 F (1182 C). 
This happened in spite of the fact that the second 
week on this bottom had only three production days 
which would normally allow for a big drop in bot- 
tom temperature. The temperature recorded on Mon- 
day of the third week on this bottom was actually 
higher than any previously recorded, this fact signal- 
ling serious trouble ahead as substantiated by the 
very sharp rise in maximum temperatures the next 
two days. 


Check Comparison on 70 Pct Alumina Bottom Brick 


Bottom No. 7 was laid identical to No. 2 with ex- 
ception of the length of burner bridge which was 
greater, and the depth of bath which was less. The 
outside temperature was higher as was the tap tem- 
perature. At a glance it would be expected that this 
bottom should run at a slightly higher temperature 
than did No. 2. Even though No. 7 ran only 3 days 
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Fig. 11—Graph of maximum weekly temperatures indicating trend of service life on bottoms. 
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the first week while No, 2 ran 5 days, the tempera- 
tures recorded on both No. 7 and No. 2 bottoms were 
nearly the same after one heat on the second week, 
and remained nearly the same the balance of the 
second week. The sharp departure in temperature 
of No. 7 from No. 2 occurred early the third week 
and remained such for the balance of the campaign. 
Bottom No. 7 developed a large crack which ran 
lengthwise in the center of the back half of the furn- 
ace. This was accompanied by a bad spalling condi- 
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tion. The high temperature, this time being recorded 
on the back thermocouple, was no doubt due to this 
condition. 


Summary of Initial Test Results 


Significant in the above described series of tests is 
the fact that the maximum temperatures attained on 
both Bottom No. 4 and No. 6, each of which came 
up during a heat, were over 2100 F (1149 C). This 
represents a danger point in bottom temperature op- 
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Fig. 12—Graph of maximum daily temperatures showing effect of slag action and short work days and weeks on 
bottom life. 
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eration and has led the authors to set a temperature 
of 2000 F (1093 C) as the maximum to be reached 
before a bottom is taken out provided that other pre- 
vailing bottom conditions appear normal by visual 
check. 

A useful illustration for indicating the trend of 
service life on a bottom is shown in Fig. 11 where 
maximum weekly temperatures of all bottoms cover- 
ed in this paper are plotted against the number of 
weeks of operation. This graph clearly indicates that 
60 pct alumina bottom brick in general as repre- 
sented by lines for No. 3 through No. 6 bottoms at- 
tains a higher maximum weekly temperature than 
does 70 pct alumina brick. Also indicated is the fact 
that regular 9-in. straight bottom brick attain a high- 
er temperature than do large 9-in. straight bricks as 
represented by lines for No. 4, 5 and 6 Bottoms com- 
pared to line for No. 3 Bottom. 

Disregarding the graph for No. 1 Bottom which 
does not represent true repetitive operation, and dis- 
regarding graph for No. 8 Bottom which will be de- 
scribed later in this paper, it is seen that all the bot- 
toms attained a maximum temperature after the first 
week of operation somewhere between 1600 F (871 
C) and 1700 F (927 C). Generally after the second 
week of operation and definitely after the third week 
of operation, the life of the bottom can be forecast 
to a reasonable degree by observing the nature of the 
trend and by watching for any sharp departure up- 
ward from the normal weekly rise in temperature ex- 
perienced to date on any particular bottom. Thus, 
for example, Bottom No. 4 after the third week of 
operation indicated a sharp rise in temperature over 
Bottom No. 3. Bottom No. 6 indicated after the sec- 
ond week that it was headed for trouble. After the 
third week, Bottom No. 7 was seen to take a sharp 
departure from No. 2. 
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Advantages of Slag Control on’ Furnace Bath 


All experimentation from Bottom No. | through 
No. 7 seems to- have led to adverse conditions, each 
bottom progressively becoming worse as far as maxi- 
mum temperature attained and operation procedures 
were concerned, Observing the behavior of Bottom 
No. 6 where cupola slag was deliberately placed as a 
fillet on the bottom, it was apparent that the cupola 
slag actively attacked the bottom bricks at their 
joints. Bottom No. 7 had a decided departure from 
the behavior of Bottom No. 2 due to the large length- 
wise crack which developed in the back half of Bot- 
tom No. 7 during the last two weeks of operation. 
As mentioned early in this paper, the standard prac- 
tice in the melting department had been to cover the 
furnace bath at the end of the cupola operation with 
molten cupola slag direct from the cupola. This pro- 
cedure was now felt to be responsible for the heavy 
erosion occuring in the back half of the bottom in 
that during the drain period of the furnace, this cu- 
pola slag came to rest directly on the bottom and was 
largely concentrated along the centerline of the fur- 
nace. This conclusion was further justified because 
the cupola slag produced during the period of No. 7 
Bottom was much higher in corrosive CaO content 
than the cupola slag which was produced during the 
period of No. 2 Bottom, this in turn being due to a 
change in cupola practice during the interval be- 
tween Bottom No. 2 and Bottom No. 7. 

As a result of these conclusions the practice of add- 
ing molten cupola slag to the furnace both was 
stopped and beginning with Bottom No. 8 a synthetic 
slag practice was adopted resulting in a remarkable 
change of bottom behavior as may be seen in Fig. 
12. It is not intended to bring the manipulations of 
synthetic slag control on the furnace bath within the 





Fig. 13—Graph comparing cost figures with average tons per heat and heats per bottom. 
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scope of this paper other than to point out that broad 
possibilities do exist in this field and to mention that 
the authors are now working along these lines in re- 
lation to bottom temperatures. Existing data and fu- 
ture findings will be presented in a future paper. 


Advantages of Intermittent Operation 


The graph of Bottom No. 8 in Fig. 12 brings to 
light another important factor. Five of the 7 opera- 
ting weeks were 4 day weeks and 5 of the 7 weeks 
were limited to 6 hr days. This has definitely been a 
factor in keeping the maximum daily temperatures 
throughout the entire run of No. 8 at a low level. 
Other examples of this have already been pointed 
out in discussion on previous bottoms. After a 3 or 
4-day shut down a bottom was seen to drop to a much 
lower temperature than usual. In the case of Bottom 
No, 4 after a one day shut down over Sunday, the bot- 
tom lost comparatively little heat. This suggests the 
value in maintaining two furnaces in the melting de- 
partment to be operated alternately thereby keeping 
maximum bottom temperatures low on each furnace 
with the benefit of longer bottom life. 


TABLE 2—Cost ControLt DATA 











9-in. Equiv- 
Bottom No. Total Tons Man-Hrs. _alents 

No. Heats Tons Per Heat Per Ton Per Ton 
0 23 2025 88 .28 6.96 
l 35 3548 101 19 4.86 
2 20 1654 83 31 7.65 
3 20 1684 84 30 5.21 
a 21 2015 96 .24 4.88 
5 15 1457 97 .29 6.23 
6 11 1049 95 38 9.92 
7 18 1732 96 31 6.76 
8 30 2347 78 .28 6.04 


Note: Figures in last 2 columns represent labor and material for 
service bottoms, sidewalls, bungs, tap block assembly and 
replacement during life of bottom of any of these com- 
ponent parts. 





Cost Comparison 


A careful record of costs throughout the entire ex- 
periment was kept and is presented in Table 2. It 
is evident at once by referring to Fig. 13 that the 9- 
in. equivalent per ton followed the same pattern as 
did the man-hours per ton. This was to be expected. 
The low cost of Bottom No. | reflects the replace- 
ment of only one half the bottom during 7 weeks of 
operation. The cost of Bottom No. 4 is also low as 
the side walls were not replaced for the entire 4 weeks 
of operation. Such was the case of Bottom No. 3 
which can be compared to Bottom No, 2 where side 
walls were replaced after 2 weeks operation, the total 
tonnage and heats being nearly the same for the two 
bottoms. Savings made on Bottom No. 8 were not 
fully realized due to the low tons per heat during 
that period. 

Costs per ton including labor and refractories dur- 
ing the course of the experiment from Bottom No. 1 
through Bottom No. 8 averaged at a lower figure than 
did costs per ton on Bottom No. 0 which itself rep- 
resented slightly lower costs than average for the year 
1951. 

A comparison was made in Fig. 13 of tons per heat 
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versus number of heats per bottom and indicates no 
positive correlation between the two. The tons pei 
heat and 9-in. equivalents per ton do not always com 
pare inversely as might be expected, this probably 
being due to factors such as excessive side wall on 
bung replacement. 

Conclusions 

The work presented in this paper must be consid- 
ered as a preliminary study in the field of bottom 
temperature measurement and results obtained must 
necessarily be checked and rechecked for clarification 
of many points which in a study of this sort is time 
consuming. Nevertheless the authors wish to present 
the following conclusions based on comparisons made 
thus far. 

1. Measurement of bottom temperatures during 
the course of a campaign is a definite aid in predict- 
ing bottom life. 

2. The ability to predict bottom life through use 
of bottom temperatures will aid foundries having 
only one furnace in getting maximum life from a 
furnace bottom without fear of the bottom coming 
up during the middle of a production week. 

3. Ventilated air furnace bottoms promote longer 
bottom life by reason of less retained heat in the bot- 
tom brick resulting in slower vitrification and wear 
of the brick. 

4. 70 pct alumina bottom brick are superior to 60 
pct alumina brick in that vitrification and wear is 
slower as proven by resultant lower bottom tempera- 
tures when using 70 pct alumina brick. 

5. The large 9-in. bottom brick is superior to the 
regular 9-in. bottom brick because of less joint ex- 
posure and wear which results in lower bottom temp- 
eratures. 

6. Bottoms laid with high alumina heat setting ce- 
ments are superior to bottoms laid dry and swept 
with sand by reason of less chance for slag and metal 
attack in the joints resulting in lower bottom temp- 
eratures and longer life. 

7. Cupola slag definitely attacks bottom brick and 
lowers life expectancy of the bottom. 

8. When the bath must be covered with slag, syn- 
thetic slags are superior to cupola slags. 

9. Intermittent operation of an air furnace length- 
ens the life of the bottom by reason of lower bottom 
temperatures. 

10. The use of ventilated air furnaces together 
with bottom temperature measurements and slag con- 
trol will allow appreciable saving in cost. 
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DISCUSSION 

Chairman: C. H. Wyman, Burnside Steel Foundry Co., 
Chicago. 

Co-Chairman: R. A. Witscuey, A. P. Green Fire Brick Co., 
Chicago. 

Recorders: R. A. WirscHey and W. A. JAESCHKE. 

Eric WELANDER:* Is it not true that different types of brick 
would have different physical properties, particularly thermal 
conductivity, so that the curve characteristics would differ be- 
tween different kinds of brick? 

Co-CHAIRMAN WitscHEy: It is true that density, thermal 
conductivity, etc. will vary appreciably between different types 
of brick. The differences, however, between the 60 and the 
70 per cent alumina fire clay types as referred to specifically 
in this paper are not large and certainly within the range of 
other variables that are recognized in this paper. 

MEMBER: What type brick do you consider best? 

Mr. Jacoss: As to size, we feel that the large 9-in. series 
bricks are best for our purpose. As to type, we have found 
70 per cent alumina best suited. We believe that a combina- 
tion bottom may be the answer. In other words, on a portion 
of the bottom, probably the back third, where the degree of 
wear is less, a large 9-in. 60 per cent alumina brick could be 
used together with a large 9-in. 70 per cent alumina brick in 
the front two thirds. Wear down would be more even with 
the same total life and would allow savings in cost of the 
bottom brick. 

W. R. JarscHke:? This paper is evidence of the fine pains- 
taking work Mr. Jacobs and his associates have accomplished. 
However, the problems and their solutions were special and 
peculiar to their oil-fired furnace. Before any other operators 
attempt slag contro] in their air furnaces, I would like to cau- 
tion them that oil firing causes a much higher rate of carbon 
reduction and part of the problem in this furnace practice 
was to avoid excessive carbon loss, whereas in the average 
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pulverized coal-fired duplexing air furnace, the problem is to 
maintain maximum carbon reduction and that is possible only 
by maintaining a clean bath of iron, free from a slag blanket. 

L. R. Jenkins: * We have two air furnaces which are enclosed 
to the ground. There is no circulation of air under the bot- 
tom. The furnace is fired 2214 to 23 hr per day. At the end 
of the third consecutive day of firing, the heel of service 
bottom brick near the center of the furnace will reach 2095 F. 
The heel will cool only to 1850 F before it is fired again the 
next day. We have to deliver 2860-2880 F iron at the spout. To 
accomplish this the furnace is fired with a high flame tempera- 
ture. New bottoms were installed after every five consecutive 
days of operation. Extreme joint penetration was encountered. 

We now fire the furnaces on alternate days. A furnace is 
fired one day and allowed to cool the second day, then it is 
fired again the third day. The maximum temperature at the 
heel of the service bottom brick reaches 1800-1900 F. 

Bottoms have been removed after 27 days of operation and 
still appear to be in good condition. They were fired about 530 
hr. We do not make a practice of running a bottom till it 
comes up, we would rather replace it too early thah too late. 

We have experienced good bottom life with both 40 per cent 
and 60 per cent alumina brick. At the present time we are 
trying a 70 per cent alumina brick. It is felt that we do not 
have sufficient information to correlate bottom life with the 
various grades of refractories. 

It appears that the joint penetration may not be due to 
thermal expansion ard contraction as much as the reheat con- 
traction of the refractory material. The reheat contraction 
would be greater if the refractory is held at high temperature 
for prolonged periods of time. Some high alumina refractories 
have a reheat expansion rather than contraction. 


1 Metallurgist, Union Malleable Iron Works, East Moline, Ill. 
2 Consulting Engineer, The Whiting Corp., Harvey, IIL. 
* Metallurgist, Wagner Malleable Iron Co., Decatur, IIL 








RAMMING OF MOLDING SANDS 


By 


Harrv W. Dietert* and Alex L. Graham** 


ABSTRACT 

The authors made a survey of the effect of squeeze ramming 
pressures on the physical properties of four production molding 
sands. 

The molding sands were squeeze rammed with pressures rang- 
ing from 1 to 400 psi on 2-in. diam specimens and 1 to 1200 psi 
on I\%-in, diam specimens. The green, dry, air-set and high 
temperature properties were determined on specimens prepared 
under various known squeeze pressures and the data are pre- 
sented as a guide for further research in high pressure molding 
and as a reference for foundrymen using conventional ramming 
methods. 


Introduction 


Ramming of sands in the foundry under present 
day practice is essentially an art as there are not 
enough data available for a truly scientific approach 
to the problem. Foundrymen at large appreciate the 
importance of correct mold ramming and some 
thought has already been directed to high pressure 
ramming or molding. Thus, information on the be- 
havior of sands under different ramming loads is 
pertinent in furthering our scientific knowledge 
about sands and molding procedures. 

To cover the present day fields of practice and 
thinking, the authors tested a group of four sands 
using specimens prepared by squeeze ramming under 
pressures ranging from 0 to 400 psi. As an index, 
one may consider a squeeze pressure of 50 to 60 psi 
as average foundry practice. 

The data demonstrate how each sand property was 
affected as ramming load was increased, and indicate 
the extent to which each property of a sand is de- 
veloped by ramming. One must remember that many 
of the sand properties are developed by ramming 
and are not necessarily inherent in the sand, 

Method of Test—In this study, the specimens were 
prepared by squeeze ramming, except for a limited 
number of butt rammed specimens prepared in ac- 
cordance with A.F.S. specifications. 

The squeeze method of ramming was secured with 
a Dietert sand press as illustrated in Fig. 1. The 
sand press uses compressed air for power and will 
accurately apply any predetermined squeeze ramming 


* President and ** Research Engineer, Harry W. Dietert Co., 
Detroit. 
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pressure up to 1500 psi on a 11-in. diam specimen 
and up to 450 psi on a 2-in. diam specimen. A sec- 
ondary spring assembly was added to the unit in 
order to secure the desired accuracy for load applica- 
tions of less than 10 Ib. 

The specimen tube floats on the stripping post 
during the ramming operation with the sand press, 
producing double-end ramming of the sand speci- 
men. 

The physical property tests on the sand specimens 
were made in accordance with A.F.S. specifications 
when available. 

Sands Under Investigation—The selection of a re- 
presentative group of sands that would be most il- 
lustrative to the largest group of foundrymen received 
considerable study. The final selection consisted of 
sands in actual production in an aluminum foundry, 
two iron foundries and one steel foundry. The alum- 
inum and one of the iron foundry sands were natur- 
ally bonded while the other iron foundry sand and 
the steel foundry sand were synthetic. 

The grain distribution of these sands is illustrated 
in Fig. 2. The distribution of the sand grains in all 
of these sands is of normal expectancy. 

The test data of the green properties of the sands 
under investigation are tabulated in Tables 1, 2, 3 
and 4. 

Green Hardness vs Ramming Pressure — Many 
foundrymen wholly gauge the degree of ramming by 
green (mold) hardness. This is an excellent practical 
gauge for the degree of ramming. 

The green hardness of a sand increases as the 
squeeze pressure is increased up to 1000 psi. This is 
illustrated in Figs. 3 and 4. The green hardness- 
squeeze pressure graph, shown in Fig. 3 is for the 
2-in, X 2-in. specimen while Fig. 4 is for the 114-in. 
x 2-in. specimen. 

The squeeze pressure required to reach a prede- 
termined green hardness is not the same for various 
sands. Sands reaching the predetermined green hard- 
ness with the lower squeeze pressure may be classed as 
better ramming sand in respect to rammability. 

The ease or order of rammability expressed in psi 
pressure required to reach 75 green hardness on 2- 
in, and 114-in. specimens for the selected group of 
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Fig. 1—Sand Press Used to Ram Sand Samples with 
Squeeze Pressure, Ranging up to 1500 psi. 


sands is shown in Table 5. 

The order of rammability is not materially differ- 
ent for the 2-in. or the 114-in. specimen. However, 
the degree of rammability shows a wider spread in 
the case of the 114-in. specimen. 

The data tabulated in Table 5 shows that the 





BABAR ERSB ERE LES Se 
| | 
| | 
| | 
| | 
so |__| — 4 + ! i i 4 a | 
| | r GRAIN DISTRIBUTION 
| @——© NATURAL ALUMINUM SAND ©) 
A D> ---O SYNTHETK STEEL BAND Et 
| | i | 
| . 
40}- 
° 
. 
z 
~ 
& i 
F 3° 
- 
z 
— 
~ 
2 
oo 
| 





Fig. 2—Fineness Graphs of Four Sands Used in the In- 
vestigation. 
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Fig. 3—Green Hardness as Affected by Squeeze Ramming 
Pressure, 2-in. x 2-in. Specimen. 


squeeze pressure required to obtain a predetermined 
green hardness in the 114-in. specimen is materially 
higher for all sands tested except the synthetic iron 
sand. The synthetic steel required a squeeze load of 
53.8 psi to obtain a 75 green hardness in the 2-in. x 
2-in. specimen and a 120 psi squeeze load to obtain 
a 75 green hardness in the 114-in. & 2-in. specimen. 
Thus, in the order of decreasing rammability we 
have: synthetic iron foundry sand, natural iron 
foundry sand, natural aluminum foundry sand and 
a very low rammability for the synthetic steel found- 
ry sand. 

Rammability may be defined as ease of reaching a 
good green hardness in a restricted area of a mold. 
Flowability may be defined as absence of void spaces 
larger than that compatable with the grain size of 
the sand. Thus, rammability and flowability are not 
































492 RAMMING OF MOLDING SAND 
TaBLe 1—-TEestT DATA FOR GREEN PROPERTIES OF THE NATURALLY-BONDED ALUMINUM SAND. 
Green Hardness 
3 Rams 30 45 60 75 80 87.5 89.5 
AFS. 
Wt. for 2-in. specimen, gm 158 116.3 125 135 146.5 151.8 160 166 
Pressure for 2-in. specimen, psi 1.59 4.2 10.9 29.7 56.8 191 376 
Density, lb/cu ft 95.7 70.4 75.7 83.6 88.8 92.0 96.9 100.5 
Top Hardness 86.5 30 46 61 75 80 87.5 89.5 
Bottom Hardness 86.5 30 45 60 75 80 87.5 89.5 
Moisture, % 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 
Permeability 64.3 411 287 173 107 85.2 49.9 38.9 
Green Compression, psi 9.1 0.51 1.0 2.45 4.6 6.4 10.0 12.1 
Green Deformation, in./in. 0.013 0.018 0.0155 0.0155 0.0135 0.0125 0.0155 
Dry Compression, psi 62.5 13 5.5 14.9 35.4 45.8 63.7 66.0 
Air-Set Strength, psi 24.9 1.43 3.1 7.3 + 12.9 17.9 25.1 30.0 
Flowability, % 75.5 
Hoffman Flowability, gm 4.55 
Combustibles, % 2.2 
A.F.S. Grain Fineness No. 96.0 
A.F.S. Clay Content, % 7.0 
TaBLe 2—-TrEst DATA FOR GREEN PROPERTIES OF THE NATURALLY-BONDED IRON SAND. 
Green Hardness 
3 Rams 30 45 60 75 90 92 
AF.S. 
Wt. of 2-in. specimen, gm 163.6 125.2 132.5 141 153.5 173.5 179.4 
Pressure for 2-in. specimen, psi 2.26 $1 10.9 30 221 376 
Density, lb/cu ft 99.1 75.8 80.3 85.4 93.0 105.1 108.6 
Top Hardness 85.0 31 46 61 75 90.5 91.5 
Bottom Hardness 84.5 30 45 60 75 90 92 
Moisture, % 5.6 5.6 5.6 5.6 5.6 5.6 5.6 
Permeability 118 650 503 355 204 72.4 55.8 
Green Compression, psi 9.1 0.48 Be 2.33 4.8 15.2 17.5 
Green Deformation, in./in. 0.0193 0.0182 0.0183 0.0205 0.022 0.0245 
Dry Compression, psi 47.7 1.91 5.9 12.6 18.85 73.5 99.0 
Air-Set Strength, psi 25.8 2.65 4.6 10.0 14.0 42.95 522 
Flowability, % 67 
Hoffman Flowability, gm 4.55 
Gombustibles, % 5.7 
A.F.S. Grain Fineness No. 51.0 
A.F.S. Clay Content, % 9.2 
Tasie 3—Test DATA FOR GREEN PROPERTIES OF THE SYNTHETIC BONDED IRON SAND. 
Green Hardness 
3 Rams 30 45 60 75 90 95 95.25 
A.FS. 
Wt. for 2-in. specimen, gm 157.0 116 122 129.5 137.5 156 167 171.5 
Pressure for 2-in. specimen, psi 1.4 3.18 6.8 19.5 93 252 376 
Density, lb/cu ft 95.1 70.3 73.9 78.4 83.2 94.4 101.1 104 
Top Hardness 91.5 31 47.5 61 76 91 95 95.25 
Bottom Hardness 90.5 30 45 60 75 90 95 95.25 
Moisture, % $2 3.2 $2 3.2 3.2 3.2 3.2 3.2 
Permeability 147 306 645 467 313 144 87.2 71.2 
Green Compression, psi 18.7 0.44 0.9 2.5 6.1 18.6 27.9 31.1 
Green Deformation, in./in. 0.0178 0.018 0.015 0.0145 0.018 0.017 0.016 
Dry Compression, psi 65.0 0.88 2.9 10.0 20.9 74.6 84.5 106.1 
Air-Set Strength, psi 36.75 0.6 2.4 7.3 10.8 32.1 42.9 47.0 
Flowability, % 70.8 
Hoffman Flowability, gm 3.4 
Combustibles, %, 4.1 
A.F.S. Grain Fineness No. 58.0 
A.F.S. Clay Content, % 8.2 





identical. In Table 5 it may be noted that both the 
Dietert! and Hoffman flowability show some agree- 


ment. 


Both show that the order of flowability is 


substantially opposite to the order of rammability. 
Density vs Squeeze Pressure —It was found that 

green hardness increased rapidly with an increase of 

squeeze pressure. The graph in Fig. 5 shows that 


density (lb per cu ft) increases with an increase of 
green hardness. The density increases at a faster rate 
at high green hardness. Thus, a 10 point increase 
of green hardness in the upper range will cause a 
heavier sand than 10 points increase in the lower 
range of hardness. The synthetic iron foundry sand 
is the lightest sand of the group and it also has the 
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TasBLe 4—TeEst DATA FOR GREEN PROPERTIES OF THE SYNTHETIC BONDED STEEL SAND 
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3 Rams 30 45 54.5 60 75 85 86 
A.FS. 
Wt. of 2-in. specimen, gm 165 123.5 136.5 142.6 146 163.8 1746 = 1785 
Pressure for 2-in. specimen, psi 2.39 5.6 9.2 13.2 53.8 301.5 376 
Density, Ib/cu ft 100.0 74.8 82.7 86.4 88.4 99.2 105.8 108.1 
Cop Hardness 80 31 46 56 61 75 85 86.5 
Bottom Hardness 78.5 30 45 54.5 60 75 85 86 
Moisture, % 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 
Permeability 154 911 586 435 362 164 85 78 
Green Compression, psi 5.4 0.73 1.4 2.2 2.6 4.7 8.4 8.9 
Green Deformation, in./in. 0.0465 0.042 0.0375 0.035 0.046 0.044 0.0465 
Dry Compression, psi 243.0 44.7 83.7 124.3 145.8 254.4 353 375 
\ir-Set Strength, psi 31.5 3.0 9.9 14 16.9 22.3 45.4 48 
Flowability, % 75.2 
Hoffman Flowability, gm 9.2 
Combustibles, % 3.3 
A.F.S. Grain Fineness No. 52.7 
\.F.S. Clay Content, % 6.6 
TABLE 5—-RAMMABILITY AND FLOWABILITY DATA OF 
. THE ALUMINUM, IRON AND STEEL SANDS. 
. | Squeeze Pressure 
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Fig. 4—Green Hardness as Affected by Squeeze Ramming 
Pressures, 1 1-in. x 2-in. Specimen. 


best rammability, while the heaviest sand in the 
group is the synthetic steel foundry sand possessing 
the poorest rammability on squeeze ramming. 


The relationship between density and squeeze pres- 
sure for the four sands is shown in Figs. 6, 7, 8 and 9. 


The density of a sand increases rapidly at the be- 
ginning of a squeeze ram. Thus a sand compacts 
very rapidly with the first 40-psi squeeze load and 
thereafter the rate of density increase is moderate. 
Three A.F.S. rams compact the sands well past the 
range of rapid rise in density. 

The synthetic iron foundry sand with tl > better 
rammability reached a maximum density at 320 psi 
squeeze pressure. All of the other sands showed in- 
creasing densities at 360 psi squeeze pressure. 














GREEN HARDNESS 


Fig. 5—Density as Affected by Squeeze Ramming 
Pressure. 


Green Properties vs Squeeze Pressure—The perme- 
ability of a sand drops rapidly as ramming pressure 
is first applied. Three A.F.S. rams compact the sands 
just past the range of the rapid permeability drop. 
In plant practice, using for example, 50 psi squeeze 
ramming pressure, the permeability of all four sands 
is still dropping rapidly. See Fig. 6, 7, 8 and 9. A 
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NATURAL ALUMINUM SAND 
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DENSITY IN L8S/CU.FT. 


GREEN COMPRESSION—- PSI. 
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Fig. 6—Effect of Squeeze Ramming Pressures on Green 
Properties of Naturally-Bonded Aluminum Foundry Sand. 


Fig. 8 (Right)—Effect of Squeeze Ramming Pressures on 
Greer: Properties of Synthetic Iron Foundry Sand. 


small change in ramming force will mean a great 
change in permeability. At higher pressure of ram- 
ming the rate of permeability drop decreases. 

The green compressive strength of a molding sand 
steadily increases as squeeze ramming pressures are 
increased up to the 376 psi where tests were discon- 
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SQUEEZE PRESSURE INPSI. 


Fig. 7—Effect of Squeeze Ramming Pressures on Green 
Properties of Natural Iron Foundry Sand. 
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tinued. See Figs. 6, 7, 8 and 9. High pressure tmold- 
ing offers a means of obtaining a workalie strength 
with a low percentage of clay substance. The higher 
the pressure the lower the ciay substance content 
may be for a predetermined green compressive 
strength. When green sand is rammed with a very 
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Fig. 9—Effect of Squeeze Ramming Pressures on Green 
Properties of Synthetic Steel Foundry Sand. 
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Strength and Dry Compressive Strength of Naturally- 
Bonded Aluminum Foundry Sand. SGUEEZE PRESSURE-PSI. 

Fig. 11—Effect of Squeeze Ramming Pressures on Air-Set 

Strength and Dry Compressive Strength of Naturally- 


Bonded Iron Foundry Sand. 
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Fig. 13—Effect of Squeeze Ramming Pressures on Air-Set 
Strength and Dry Compressive Strength of Synthetic 
Steel Foundry Sand. 


Fig. 12—Effect of Squeeze Ramming Pressures on Air-Set 
Strength and Dry Compressive Strength of Synthetic 
Iron Foundry Sand. 
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Fig. 15—Effect of Squeeze Ramming Pressures on Hot 
Strength of Naturally-Bonded Aluminum Foundry Sand. 
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Fig. 16—Effect of Squeeze Ramming Pressures on Hot 
Strength of Naturally-Bonded Iron Foundry Sand. 


high pressure, for example, 50,000 psi, the water will 
separate from the sand. Dry bonded sand rams bet- 
ter at such pressures than green sands. 

The green deformation (plasticity) of a sand does 
not change greatly as the ramming pressure is in- 
creased providing the first stage of ramming is passed. 

The first stage of ramming may generally be de- 
fined between 0 to 40 psi. In this range the green 
deformation changes markedly. The behavior of the 
green deformation during the first stage of ramming 
is not the same for all sands. The synthetic iron and 
steel sands have a low deformation or brittle range 
at 15 to 20 psi ramming pressure. Such low ram- 
ming pressures could easily be obtained in pockets 
of molds and cause trouble. The natural iron found- 
ry sand also has a low deformation at low ramming 
pressures while the natural aluminum sand has a 
decreasing deformation, as ramming pressure in- 
creases until a very high ramming pressure is used. 
Green deformation does not respond to changes in 
ramming pressure as much as other green properties 
do. It is interesting to note that sand does not lose 
its plasticity when high ramming pressures are em- 
ployed. 

Air-Set and Dry Properties vs Squeeze Pressure — 
Both the air-set and dry compressive strengths in- 
crease rapidly as the squeeze pressure is increased in 
the range from 0 to 80 psi. The A.F.S. ram is just 
out of the rapid change section, see Fig. 10, 11, 12 
and 13. Since standard A.F.S. ramming is greater 
than the usual foundry practice, most molds in a 
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Fij. 17—Effect of Squeeze Ramming Pressures on Hot 
Strength of Synthetic Iron Foundry Sand. 


foundry are rammed within this rapid changing sec- 
tion. This causes wide fluctuations in air-set and dry 
strength of the sand in a mold, for relatively small 
changes in ramming energy or green hardness. 

Hot Strength vs Squeeze Pressure—The hot proper- 
ties of the sands were determined with a dilatometer 
and a hot strength-hot deformation recorder as illus- 
trated in Fig. 14. 

The hot strength of sands, conversely to many 
other sand properties, increases slowly during the 
first stage of ramming. The hot strength increases 
rapidly when squeeze pressures are increased to high- 
er pressures. This is probably caused by more sand 
grains making contact with each other. 

In conventional foundry practice, using 50 psi or 
better squeeze pressure, the molds are rammed on 
the steep gradient of the hot strength curve, see Figs. 
15, 16, 17 and 18. This means that great fluctuations 
in the hot strength, 500 to 2000 F inclusive, of mold 
faces may be expected with relative small change in 
green hardness. The hot strength at 2500 F is not 
materially affected by a change in ramming pressure 
on green hardness, except for the steel sand the hot 
strength increases rapidly for the first 50 lb of squeeze 
load. 

The importance of devising ways and means of uni- 
formly distributing ramming pressures to all parts of 
a mold is of great importance. More thought should 
be given to the problem of actually delivering uni- 
form ramming pressure to all faces of mold cavity. 

Hot Deformation vs Squeeze Pressure — Foundry 
sands when heated to elevated temperatures possess 
a softness or plasticity termed “hot deformation.” 
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The hot sand grains can actually move without 
fracturing the bond since the bond becomes plastic 
to a limited or to a great degree depending upon 
the temperature and nature of the bond. 

The amount of hot deformation that a sand actual- 
ly possesses may be measured at different tempera- 
tures and loads in a dilatometer equipped with a 
hot deformation recorder, as illustrated in Fig. 14. 
Both the compressive load and the hot deformation 
are recorded on a chart from which may be read the 
load, hot deformation per inch of specimen length 
and also, the rate of hot deformation. 

Soft rammed molds are brittle since they possess 
low hot deformation. This is illustrated in Fig. 19, 
20, 21 and 22. Note that for ramming pressure 10 
psi and below the hot deformation drops to low 
values, except for the steel foundry sand which shows 
a high hot deformation at low green hardness or 
low squeeze pressures. The natural iron sand actually 
requires 30 psi ramming pressure to reach a normal 
value. See Tables 6, 7, 8 and 9. 

Low hot deformation means that the sand surface 
does not possess plasticity to accommodate sand 
movement as caused by the expansion of the sand, 
This is conducive to mold wall fracture. 

After normal ramming pressures have been reached 
hot deformation of a sand does not change markedly. 

For those interested in high pressure molding, it 
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Fig. 18—Effect of Squeeze Ramming Pressures on Hot 
Strength of Synthetic Steel Foundry Sand. 
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TasBLe 6—TeEst DATA FOR HoT PROPERTIES OF THE 
NATURALLY-BONDED ALUMINUM SAND. 





3 Rams Green Hardness 
A.F.S. 30 45 60 75 92.5 





Wt. of 114-in. 
diam specimen, gm 51.9 38.0 40.5 43.3 47.5 53.0 


Pressure for 114-in. 


specimen, psi i2 52 15 35.5 430 
Top hardness 89 30 46 60 75 92 
Bottom hardness 90 30 46 60 75 92.5 
Retained 

strength, psi 30.0 1.08 2.0 5.0 10.0 36.6 
Hot strength @ 

500 F, psi 67.6 2.3 76 13.5 242 70.0 
Hot Deformation @ 

500 F, in./in. .0069 .0023 .0035 .0037 .0048 .0058 
Hot strength @ 

1000 F, psi 70 3.5 a 18.7 21 70 
Hot deformation @ 

1000 F, in./in. 0092 .0027 .0053 .0065 .0093 .0093 
Hot strength @ 

1500 F, psi 114 «58 7.6 110 25 112 


Hot deformation @ 
1500 F, in./in. 
Hot strength @ 


0138 .0065 .0065 011 010 .0132 


2000 F, psi 109 156 220 27.0 40 119 
Hot deformation @ 

2000 F, in./in. 0.435 .0295 .0317 .035 .0425 .0457 
Hot strength @ 


2500 F, psi 5.75 2.4 3.2 3.8 4.2 6.0 
Hot deformation @ 


2500 F, in./in. Plastic 





seems that no trouble is to be expected from the hot 
deformation catagory. 

Retained Strength vs Squeeze Pressure—The energy 
required to shake out a mold is directly proportional 
to the retained strength. The higher the retained 
strength the greater the shake-out effort.* 
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Fig. 19—Effect of Squeeze Ramming Pressures on Hot 
Deformation of Naturally-Bonded Aluminum Foundry 
Sand. 
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Fig. 20—Effect of Squeeze Ramming Pressures on Hot 
Deformation of Naturally-Bonded Iron Foundry Sand. 


The graphs in Fig, 23 illustrate the effect of squeeze 
ramming pressure on the retained strength. It may 
be noted that the retained strength of all four sands 
are low for the first stage of ramming and increase 
rapidly as ramming pressure enters the normal 
ramming pressure. The retained strength of all the 
sands increases with an increase of ramming pressure 
up to 400 psi where tests were discontinued. Indica- 








TaBLeE 7—TeEst DATA FOR Hor PROPERTIES OF THE 
NATURALLY-BONDED IRON SAND. 
3 Rams Green Hardness 
A.F.S. 30 45 60 75 93.5 
Wt. of 114-in. 


Diam Specimen, gm 54.7 39.8 422 449 482 57.0 
Pressure for 114-in. 

specimen, psi 4.2 7.5 15 36.5 515 
Top Hardness 88 33 49 61 76 93.5 
Bottom Hardness 90 30 45 60 75 93.5 
Retained Strength, psi 26.3 0.0 0.0 2.2 5.2 32.3 


Hot Strength @ 


500 F, psi 40 2.3 4.4 6.5 12 45.3 

Hot Deformation @ 

500 F, in./in. 0097 .0033 .0034 .0042 .005 .0103 
Hot Strength @ 

1000 F, psi 34 0.0 1.7 4.5 10.2 47.5 
Hot Deformation @ 

1000 F, in./in. .0136 .0034 .007 .0085 .0139 
Hot Strength @ 

1500 F, psi 63 2.0 4.5 8.5 19.8 104 


Hot Deformation @ 
1500 F, in./in. 
Hot Strength @ 


0198 .0034 .0091 .011 .0169 .021 


2000 F, psi 55.0 6.3 9.0 115 235 7 

Hot Deformation @ 

2000 F, in./in. 0451 .0222 .0284 .0291 .0359 .046 
Hot Strength @ 

2500 F, psi 5.5 0.0 2.0 4.0 4.8 5.8 


Hot Deformation @ 


2500 F, in./in. Plastic 
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SQUEEZE PRESSURE -PSI. 
Fig. 21—Effect of Squeeze Ramming Pressures on Hot 
Deformation of Synthetic Iron Foundry Sand. 


tions are that the retained strength is reaching its 
maximum at 400 psi and greater pressure would not 
materially alter the retained strength. 


Summary and Conclusion 
The material presented in this paper may be of 


TABLE 8—TEst DATA FOR Hor PROPERTIES OF THE 
SYNTHETIC BONDED IRON SAND. 





Green Hardness 
90 96 


3 Rams 
A.FS. 30 45 60 75 





Wt. of 114-in. 

Diam specimen, gm 51.7 36.5 38.0 39.8 44.0 49.0 54.7 
Pressure for 114-in. 

specimen, psi 18 3.2 7.1 16 885 612 
Top Hardness 945 33 435 61 75 90.5 97.0 
Bottom Hardness 945 30 45 60 75 90 96.0 
Retained Strength, psi 38 0.47 1.04 151 85 27 40.0 
Hot Strength @ 


500 F, psi 55 0.0 3.1 54 109 32 69 
Hot Deformation @ 

500 F, in./in. .0093 0030 .0034 .0055 .0077 .0111 
Hot Strength @ 

1000 F, psi 59.7 00 05 39 9 36 88 
Hot Deformation @ 

1000 F, in./in. 011 0049 .0049 .0106 .0122 
Hot Strength @ 

1500 F, psi 225 475 86 125 463 181 325 


Hot Deformation @ 
1500 F, in./in. 
Hot Strength @ 


0179 .0059 .006 .0069 .0116 .0136 .017 


2000 F, psi 88.7 25 32 375 40 50.3 104 
Hot Deformation @ 

2000 F, in./in. .0604 .0782 .074 .0711 .0659 .0618 .0575 
Hot Strength @ 

2500 F, psi 57 22 28 318 46 50 60 
Hot Deformation @ 

2500 F, in./in. Plastic 
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TaBLeE 9—TeEst DATA FOR Hor PROPERTIES OF THE 
SYNTHETIC BONDED STEEL SAND. 








- 3Rams Green Hardness 

A.F.S. 30 45 60 75 85.5 
Wt. of 114-in. 
diam specimen, gm 55.0 42.0 450 49.0 525 57.8 
Pressure for 114-in. 
specimen, psi 4.1 9.6 143° 120 1195 
Top Hardness 82 31 46.5 60 75.5 86.5 
Bottom Hardness 82 30 46 59 75.5 85.5 


Retained Strength, psi 63.6 8 16.7 29.7 59.3 63.3 
Hot Strength @ 


500 F, psi 143s Il 28 46 84 130 
Hot Deformation @ 

500 F, in./in. 0041 .0025 .0027 .0038 .0049 .0064 
Hot Strength @ 

1000 F, psi 69 7.7 16 20 45 74 
Hot Deformation @ 

1000 F, in./in. 0068 .0037 .0047 .0042 .0055 .0063 
Hot Strength @ 

1500 F, psi 233 —S «10 22 79 149 =. 243 
Hot Deformation @ 

1500 F, in./in. 0133 008 .0088 .0106 .0115 .0101 
Hot Strength @ 

2000 F, psi 144.5 11 19.7 45 99 163 
Hot Deformation @ 

2000 F, in./in. 0351 .023 .025 .0335 .0303 .0349 
Hot Strength @ 

2500 F, in./in. 5.4 0.8 1.8 3.5 5.7 10 
Hot Deformation @ 

2500 F, in./in. Plastic 





practical value to foundrymen using the conventional 
molding methods and to those who are doing re- 
search in the high pressure molding field. Knowing 
the effect of a wide range of ramming pressures on 
the mechanical properties of sands shows whether 
any alterations in sands are required should high 
pressure molding be employed. The importance of 
controlling the green hardness of mold within a nar- 
row range to obtain mold surfaces possessing con- 
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Fig. 22—Effect of Squeeze Ramming Pressures on Hot 


Deformation of Synthetic Steel Foundry Sand. 
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Fig. 23—Effect of Squeeze Ramming Pressures on Re- 
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sistent mechanical properties is well illustrated. 

Summarizing: 

1. Green hardness steadily increases as squeeze 
ramming pressure increases. 

2. The density (Ib/cu ft) of molding sand in- 
creases rapidly with an increase of green hardness. 

3. The rammability of a sand may be measured 
by determining the squeeze pressure required to ob- 
tain a predetermined green hardness value. 

4. The density of sands increase at a rapid rate 
at the first 40 psi of ramming pressures and changes 
more slowly at high ramming pressures. 

5. The flowability of the four sands under study 
is in the opposite order of the rammability. 

6. The permeability of molding sand decreases 
rapidly for the first stage of ramming in the range 
from 0 to 40 psi and then decreases slowly in the 
high pressure ramming range. High pressure mold- 
ing in the ranges above 160 psi pressure will reduce 
permeability only moderately. 

7. The green compressive strength of a sand con- 
tinues on an increase throughout the ramming pres- 
sure ranges up to the limit of this test namely, 400 
psi. 

8. High pressure molding offers a means of materi- 
ally reducing the required amount of bond to secure 
a predetermined compressive strength in a mold. 

9. Green deformation of the mold face at soft 
rammed sections is very low or brittle. Any increase 
in ramming pressure above that usually practiced 
in the foundry will not materially change the green 
deformation. 

10. The air-set strength increases rapidly at the 
beginning of a ram and then continues to increase 
as ramming pressure increases. The rate of air-set 
strength increase varies with different sands. 

11. The first stage of ramming for example, from 
0 to 40 psi, causes a rapid rise in dry compression. 
The rate of increase in the normal ramming pres- 
sure, such as 50 psi, and in the high pressure range 
varies with the different sands. Some increase slowly, 
others increase rapidly. 

12. The hot strength of molding sands is low and 





RAMMING OF MOLDING SAND: 


increases slowly in the first stage of ramming, namely 
0 to 10 psi squeeze pressure. This gives rise to a weak 
mold face at elevated temperatures whenever sofi 
rammed sections are present in the mold. In the 
high pressure range of ramming the hot strength ot! 
a sand increased at a rapid rate. This may cause 
difficulties in case of high pressure molds. 

13. The hot strength of a sand at 2500 F., for the 
sands under investigation changed slowly as ramming 
pressure changed. 

14. The hot deformation of the four sands unde: 
study is low causing hot brittleness at elevated tem- 
peratures when the mold face was rammed with low 
pressure in the range from 0 to 20 psi pressure. This 
is conducive to mold fracture in soft rammed sec 
tions of a mold. 

15. The hot deformation increased slowly as 
squeeze ramming pressure was increased. 

16. The shake-out time of a mold increases rap- 
idly with ramming pressure from 0 to some 50 psi 
and then increases more moderately. Higher pres- 
sures of ramming will require greater shake-out 
effort. 
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DISCUSSION 


Chairman: J. B. Catne, Foundry Consultant, Cincinnati. 

Co-Chairman: W. S. Pevwini, Naval Research Laboratory, 
Washington, D. C. 

Recorder: P. E. Kyte, Cornell University, Ithaca, N. Y. 

D. C. Wituiams (Written Discussion):+ It is admitted that 
the term ramming has existed in the foundry industry for many 
years to describe a process of compacting a granular mass 
around a pattern. Ramming indicates that impacting forces 
are used. The authors refer to squeezing as a ramming proce- 
dure. Can we justify the naming of a steady pressure, such as 
squeezing, as a ramming procedure? Should we not speak of 
consolidation brought about by either the ramming or squeez- 
ing procedures? 

The following statement in the paper “One must remembe1 
that many of the sand properties are developed by ramming 
and are not necessarily inherent in the sand.”, deserves further 
explanation. The word develop indicates an increase in the 
property or subject under consideration. It is thought that 
permeability is inherent in a sand mixture. Granular mixtures 
contain void spaces and permeability is related by the fact 
that in a compacted mass the number of through channels of 
connected void spaces confer permeability. Deformation is 
thought to be inherent in sand mixtures by virtue of the 
water content, and ramming apparently does not develop this 
property. Would the authors further describe what they con- 
sider to be the properties inherent and those properties that 
are developed? 

This discussor is not sure what is meant by the term ram- 
mability and would like an explanation of this term. Would 
the rammability be the same under a circular rammer such as 
used in compacting the 2-in. x 2-in. test specimen as in the 
compacting of the |-in, x l-in. x 8-in. transverse test specimen 
under a rectangular footing? Along with the above question 
is the following: how are grain movement and rammability 
related? 

The authors define rammability as “the ease of reaching a 
good green hardness in a restricted area of the mold.” The 
word good can describe many conditions and this discusso1 
wonders what is a good green hardness. Is measuring the 
green hardness on the surface of a test specimen an indication 


_ \ Associate Professor and Head of Foundry-Option, Department of Indus- 
trial Engineering, Ohio State University, Columbus Ohio. 
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§ the flowability that occurs within the molded mass, and 
vill such mass have a uniform density and hardness? 

The terms softness and plasticity are considered by the 
wuthors to be synonymous for they state “softness or plasticity.” 
it is difficult to follow the authors on this point and I would 
like them to present sound reasons why this should be so. 

Flowability apparently is related to the absence of void 
spaces. This concept for this discussor does not seem to explain 
very much and it will be appreciated if the authors would 
provide a thorough description of their concept of the flow- 
ability. 

[he authors claim that the higher the pressure used for 
consolidation purposes the lower the clay content required to 
obtain a predetermined green compressive strength. This 
being so, then how does clay-mineral enter into the mechan- 
ism for providing green strength? 

Apparently at high pressures about 50,000 psi, water will 
separate from the test specimen. What sand mixtures were 
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tested and why will the water separate and where will it go? 

This discussion necessarily has taken the form of a series ot 
questions because it is thought that the authors’ reply will 
clear up many questions in the minds of others as well as that 
of the discussor. 

J. B. Srevens:* What is the effect of squeeze pressure on 
expansion? 

Mr. Dietert: Expansion does not increase rapidly when the 
high pressure range is reached. 

MemBerR: How do the moistures used for high pressure 
molding compare with those normally used? 

Mr. Dietert: They are essentially the same. 

Memser: Are synthetic and natural sands the same? 

Mr. Dietert: The hot deformation properties change with 
the bond used. 


2 Bethlehem Steel Co., Bethlehem, Pa. 





MAGNESIUM ALLOY PERMANENT MOLD AND 
SEMI-PERMANENT MOLD CASTINGS 


By 


M. E. Gantz, Jr., E. M. Gingerich and R. T. Woods* 


Introduction 


The purpose of this paper is to outline the current 
status of the art of casting magnesium alloys in 
permanent and semi-permanent molds. The past ten 
years have witnessed marked advances in the art of 
magnesium alloy casting by this process. They are 
now available, on a competitive basis, for the many 
uses in which the characteristics of high strength- 
weight ratio, excellent machinability and compara- 
tively low cost are particularly desirable. While much 
has been learned about mold design and mold opera- 
tion in recent years, the present satisfactory state of 
the art of founding magnesium alloys in permanent 
molds rests primarily on two metallurgical develop- 
ments. The first was the discovery that very small 
amounts of beryllium added to the alloys! so reduced 
their tendency to burn and to react with the mold 
wash that the molten metal could be handled and 
cast almost as readily as aluminum. The second was 
the discovery that grain refinement of the metal 
could be accomplished by treating the molten metal 
with solid organic chlorides.2, This eliminated the 
costly and time-consuming superheating operation 
previously used in our foundries to refine the grain 
of the metal. 


Magnesium Alloys Suitable for Permanent Mold Work 


The currently known magnesium alloys that have 
the characteristics required for the economical pro- 
duction of permanent mold and semi-permanent 
mold castings are few in number because this type of 
work requires the special combination of character- 
istics listed below: 

1. Low coefficient of expansion, particularly in 
the range between the solidus temperature and 500 F. 

2. High equi-cohesive temperature or resistance to 
hot cracking. 

3. Adequate mechanical properties either in the 
as-cast condition or in a heat-treated temper. 

Assuming that the alloy to be cast has satisfactory 
mechanical properties, the most important of the 
above characteristics is low coefficient of expansion 


* Aluminum Company of America, Cleveland. 
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or, more exactly, low coefficient of contraction. Ex- 
perience has shown that alloys with very high equi- 
cohesive temperatures are poor for permanent mold 
work if, at the same time, they have high coefficients 
of expansion. On the other hand, if two alloys have 
approximately the same coefficients of expansion, the 
one with the lesser tendency toward hot cracking is 
preferable because it is not as likely to crack under 
stresses applied to the casting while being removed 
from the mold. 

Of all the alloying elements which have been added 
to magnesium and on which coefficient of expansion 
data are available, aluminum is the most potent in 
reducing the rate at which magnesium expands or 
contracts on heating and cooling. Figure 1 from 
data determined by P. Bastien* shows how the linear 
contraction, expressed in per cent, decreases as the 
aluminum content of the binary magnesium-alumin- 
um alloy system is increased from zero to about 11 
per cent when cast in sand molds. Bastien reported 
that the linear contraction of the alloys cast in chill 
molds is somewhat less than that of those cast in 
sand. The addition of zinc to magnesium also tends 
to decrease linear contraction on cooling but to a 
smaller degree than aluminum. Also, binary mag- 
nesium-zinc alloys and ternary magnesium-aluminum- 
zinc alloys have a tendency toward hot cracking un- 
less the ratio of aluminum to zinc is high and care- 
fully controlled. 

The addition of aluminum to magnesium brings 
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about a marked change in all the mechanical prop- 
erties in the as-cast condition and the change is even 
more marked if the alloys are heat treated. The 
manner in which the mechanical properties of mag- 
nesium-aluminum alloys vary with aluminum con- 
tent in both the as-cast condition and after solution 
heat treatment is shown in Figs. 2 and 3.4 Other 
combinations of mechanical properties may be ob- 
tained by the artificial aging of the alloys contain- 
ing about 8 per cent or more aluminum. 
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Fig. 2—Mechanical properties of sand-cast magnesium- 
aluminum alloys in as-cast condition. 
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Fig. 3—Mechanical properties of sand-cast magnesium- 
aluminum alloys after solution heat treatment. 


The addition of zinc to form ternary magnesium- 
aluminum-zinc alloys increases the response of the 
alloys to artificial aging. Greater hardness and high- 
er yield strength after artificial aging can be obtained 
in the ternary alloys. 

In view of the factors affecting the casting charac- 
teristics and mechanical properties outlined above, it 
appears quite logical that the most widely used mag- 
nesium alloys for permanent mold work are those 
bearing the ASTM designations AZ92A and AM100A. 
The alloy AZ9IC is also suitable for permanent mold 
work but up to the present, our magnesium perman- 
ent mold foundry has not been presented with an ap- 
plication wherein the requirements could not be sat- 
isfied as readily with the standard AMI100A as with 
the alloy AZ9IC. 

Permanent and semi-permanent mold castings in 
AZ92A and AMIO00A are covered by Federal Speci- 
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fication QQ-M-55. The guaranteed tensile properties 
are listed in this specification and need not be re- 
peated here. The typical properties of magnesium 
alloy permanent mold castings, however, will be of 
interest to designers and are shown in Table 1. The 
alloy AM262 shown in Table | is an alloy of the 
AZ92A type for which there is no ASTM designation. 
The heat treat temper designations shown in Table 
1 are those most commonly used for each alloy. It 
is, of course, possible to get property combinations 
other than those in Table 1. The chemical composi- 
tions of the various alloys discussed are shown in 
Table 2. 


TABLE 1—TypiIcAL MECHANICAL PROPERTIES OF PERM- 
ANENT Mo.tp Cast AZ92A, AMIO0A And AM262 


AZ92A-T6 AMI00A-T4 AM262-T4 








Ultimate Strength, psi 40,000 40,000 39,000 
Tensile Yield Strength, psi* 24,000 16,000 16,000 
Elongation, per cent in 2 in. 2.0 10.0 10.0 
Brinell Hardness? 81 52 63 
Rockwell E Hardness 88 62 75 
Shear Strength, psi*® 22,000 20,000 20,000 
Compressive Yield Strength, psi' 22,000 13,000 14,000 
Endurance Limit, psi* 12,000 11,000 12,000 
Charpy impact value, ft-lb® 0.8 2.0 _ 


* Stress at 0.2% deviation from modulus line. 
*500-kg Load—10 mm ball. 

* Double shear tests converted to single shear values. 
*500 million reversals. 

5 Keyhole notch. 





NOMINAL COMPOSITIONS OF ALLOYS SUIT- 
ABLE FOR PERMANENT MOLp Work 


TABLE 2 





Alloy Designation Nominal Composition—Per cent 








ASTM ALCOA Al Zn Mn Mg 
AZ92A * AM260 9 2 0.1 min remainder * 
AMI100A* AM240 10 _— 0.1 min remainder * 

_ AM262 9 2 0.1 min remainder ° 
AZ9IC AMA263 8.7 0.7 0.13 min remainder * 
Notes: 


*Same as Composition AZ92 in Federal Spec. QQ-M-55 

* Same as Composition Al0 in Federal Spec. QQ-M-55 

’ Maximum copper—0.25 per cent 

*Maximum copper—0.10 per cent 

> Maximum copper—0.25 per cent; max. silicon—0.5 per cent; 
max. nickel—0.025 per cent; total other impurities—0.8 
per cent. 

* Maximum copper—0.10 per cent. 





The alloys AZ92A and AM262 are general purpose 
alloys and the major portion of the magnesium perm- 
anent mold castings made today is in these two com- 
positions. However, AMIO0A is being used to an 
increasing extent, particularly for aircraft wheels and 
other aircraft components which are subject to radio- 
graphic inspection. Alloy AMI00A castings are more 
free from microshrinkage than AZ92A castings and 
experience has shown that difficult castings can be 
produced in AMI00A more easily than in AZ92A, 
especially if the difficulty to overcome is cracking. In 
addition to the lesser tendency of AMI100A castings 
to cracking in the mold or during removal from the 
mold, it has been repeatedly demonstrated in our 
foundry that when AMI100A and AZ92A castings are 
made in the same mold and with equivalent mold 
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conditions, the AMIO0A castings will prove to be 
sounder on radiographic examination. 

The microstructure of magnesium alloy perman- 
ent mold castings is finer than that of similar cast- 
ings made in sand molds. The rapid rate of freezing 
causes a much greater dispersion of the Mg,Al; com- 
pound in the microstructure than is normally ob- 
served in the microstructure of sand castings. The 
finer microstructure of permanent mold castings in- 
creases their response to both solution heat treatment 
and artificial aging and results in somewhat higher 
tensile properties compared to the same alloys cast 
in sand. The improved tensile properties obtained 
by casting in permanent molds instead of sand molds 
is particularly noticeable in AMIO0A. It has been 
found that AMIO0A test bars cast in permanent 
molds and given special experimental thermal treat- 
ments have properties such as those shown below, 
which were considered beyond the capabilities of 
AMI00A until quite recently. 


Treatment A Treatment B 


Tensile Strength, psi 46,000 41,000 
Yield Strength, psi 20,000 23,500 
Elongation, % in 2 in. 9.0 2.0 


It has been stated in the Introduction that the ad- 
dition of beryllium to alloys used for permanent 
mold work and development of the chlorinated car- 
bon compound method of grain refinement are im- 
portant factors in the present rather satisfactory state 
of the art of casting magnesium alloys in permanent 
molds. Aside from affording marked commercial ad- 
vantage over former practices, the beryllium addition 
and the grain refinement method have technological 
interest. 

It is well known® that additions of beryllium to 
magnesium alloys coarsen the grain of the alloys if 
too much beryllium is added, but if the methods of 
Stroup and Sager! are followed, enough beryllium 
can be used to reduce oxidation of the molten metal 
and prevent it from reacting with the mold wash, 
and a grain size fine enough to result in excellent 
mechanical properties is still retained. In our mag- 
nesium permanent mold foundry, a nominal 0.001 
per cent Be is added to the alloys. 

In addition to the effect that fine grain size has on 
mechanical properties and in enhancing the response 
of the alloys to thermal treatments, experience in the 
foundry has shown that fine grain is essential if high 
scrap loss due to cracked castings is to be avoided. 


Mold Design and Mold Operation 


Mold design is such an involved subject that it 
can be considered here only in general terms. There 
are at least two general concepts of mold design and 
mold operation in use today. When the investigators 
of the Combined Intelligence Objectives Sub-Com- 
mittee® examined magnesium permanent mold opera- 
tions in Germany after World War II, one of the 
German experts stated that in his opinion, hot molds 
and low metal pouring temperature are the best com- 
bination for producing structurally sound magnesium 
alloy castings in permanent molds and that the semi- 
permanent mold process will produce castings of 
higher quality than can be produced in full perman- 
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ent molds. Following this concept, it was Germa 
practice to maintain the molds at 660-750 F and t& 
pour at 1260-1330 F. The mold walls were usually 
about 14 in. thick but the mold wall thickness wa 
sometimes varied to match the section thickness o! 
the adjacent portion of the casting. That is, the wal! 
of the mold would be thick where the casting was 
heavy and thin where the casting was light in sec 
tion. The German foundry engineers had also de 
vised a rather clever method of feeding heavy sec 
tions of castings not accessible to risers placed at the 
parting lines of the mold. This was accomplished by 
placing a riser sleeve about 4 in. thick of suitable 
shape and draft in the mold over the location where 
additional feed was desired. The riser sleeve had a 
handle and could be rotated and lifted out of the 
mold by the handle. In operation, the casting was 
poured in the regular manner and, just as the metal 
in the riser sleeve became solid enough to be re- 
moved, the riser sleeve was rotated and lifted out 
with the riser inside it. Thus removed, risers of this 
type would not interfere with the opening of the 
mold. 

In our magnesium permanent mold foundry, pour- 
ing temperatures are usually in the range 1380-1420 
F and there is no general rule regarding mold tem- 
peratures. Rather, each casting is carefully studied 
so that the mold may be designed in conformance 
with well-known principles of progressive solidifica- 
tion without the use of risers not on the parting 
line and without the very large risers that give the 
German permanent mold castings the appearance of 
sand castings. When the mold is placed in opera- 
tion, careful thermal studies are made to determine 
where heat must be supplied or removed to achieve 
progressive solidification and sound castings. These 
thermal data are carefully recorded so that proper 
operating conditions may be duplicated each time 
the mold is placed in production. The mold design 
takes into consideration the relation between mold 
wall thickness and casting section thickness, but the 
principal concern is to design a mold that will not 
warp and one that will maintain the required dimen- 
sional accuracy under operating conditions. 

For best results, it has been found that permanent 
molds for magnesium alloy castings must be operated 
rapidly. That is, the time interval between the pour- 
ing of successive castings should be as short as pos- 
sible. This requirement of fast mold operation is, 
in part, the result of the low volume specific heat of 
magnesium alloys and it has its advantages as well as 
disadvantages. Per unit of weight, a pound of mag- 
nesium alloy contains about as many Btu’s at a given 
temperature as an aluminum alloy, but per unit vol- 
ume, the magnesium alloy contains much less heat 
than the aluminum alloy. For two typical alloys, 
magnesium base alloy AZ92A and aluminum base 
alloy B195, the specific heat values are 0.45 and 0.64 
cal/cc/°C. Thus, the amount of heat a given mold 
must extract to freeze a magnesium casting is only 
about 70 per cent of that required to freeze a similar 
aluminum casting. This means that the time cycle 
for operating a given mold on magnesium can be ap- 
preciably shorter than when operating the same mold 
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on aluminum and that an operator can produce more 
magnesium castings than aluminum castings per 
shift. Since labor cost is a major factor in the cost of 
producing permanent mold castings, it is this higher 
productivity per man-hour that enables magnesium 
permanent mold castings to compete, on a cost per 
piece basis. with aluminum permanent mold cast- 
ings. 

The principal disadvantage of the low volume 
specific heat of magnesium alloys is that there is less 
leeway in mold conditions and, to maintain quality, 
the mold wash, moid temperatures, pouring tempera- 
tures, etc., must be very carefully controlled. 


Fabricating Limitations 


(A) Size and Weight—lIt is rather meaningless to 
attempt to establish an upper limit on the size and 
weight of magnesium alloy castings produced by 
either the permanent or semi-permanent mold pro- 
cess. Year by year the foundry undertakes and pro- 
duces larger and more difficult jobs than it was will- 
ing to attempt the previous year. At the present time, 
castings having a trimmed weight of about 100 lb are 
the heaviest made in our magnesium permanent mold 
foundry. The production of much larger castings, 
however, would be entertained if the casting design 
is such that it lends itself to the process. 

Overall casting size is probably a more serious lim- 
itation than casting weight. As the dimensions of a 
mold increase, the problems of compensating for ex- 
pansion and preventing mold distortion multiply. As 
an example, the mold for a casting 45 in. long and 
about 14 in. wide, heavily ribbed on one side, pre- 
sented some rather serious distortion problems. ‘There 
were 20 transverse ribs approximately 2 in. deep, one 
longitudinal center rib and two side flanges. Because 
of the length of the mold halves and the unequal 
heating resulting from the casting operation, con- 
siderable distortion is encountered which adversely 
affects the mold operating cycle. Problems such as 
the ones encountered on this mold must be antici- 
pated and overcome as the art of making larger cast- 
ings by the permanent mold process is developed. 

(B) Section Thickness—A second consideration in 
determining the advisability of producing a part by 
the permanent mold process is the section thicknesses 
of the part involved. Thick sections offer no particu- 
lar problem if they can be adequately fed, but there 
are definite limitations to how thin a section can be 
cast. Our foundry does not, as a general rule, under- 
take to cast sections thinner than 4 in., although on 
occasion, castings with areas thinner than 14 in. have 
been produced in commercial quantities. 

As the area of a thin section increases, it is neces- 
sary to request an increase in thickness. If the area 
is over 9 sq in., it is recommended that the minimum 
wall thickness be 545 in. 

(C) Corner Radii—Sharp interior wall or section 
junctions should be avoided in the design of mag- 
nesium castings to be produced by the permanent or 
semi-permanent mold process. Such sharp corners fre- 
quently result in cracks in the casting induced by a 
combination of stress concentration and a localized 
hot spot in the mold. 
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(D) Inserts—In many instances, it is necessary to 
include in a magnesium part an insert or inserts fab- 
ricated from some other metal. It is frequently de- 
sirable to cast the insert in place at the time the cast- 
ing is produced rather than to put it in place by 
means of a subsequent operation. There are, in fact, 
many inserts which, because of their shape and loca- 
tion, must be cast in place. 

The permanent mold process is probably more 
suited to producing castings with inserts cast in place 
than other casting processes. It is generally desirable 
to preheat inserts just before casting to drive off 
water vapor and other volatiles which may be ad- 
sorbed on the insert surface. In the permanent mold 
process, the insert is placed in the mold and the cast- 
ing poured while the insert is still hot. This in- 
sures that no water vapor can condense on the in- 
sert after preheating and before casting in place. 

Inserts for magnesium permanent mold castings 
must be clean and accurately sized before use. They 
may or may not be coated depending on the type of 
insert and application. Typical insert materials are 
iron, steel, copper and brass. If the inserts are cost- 
ly, they can generally be salvaged from scrap cast- 
ings for re-use by carefully heating the magnesium 
casting above the equi-cohesive range and then break- 
ing the magnesium away from the insert. Extreme 
care must, of course, be taken to prevent inserts con- 
taining copper or nickel from getting in to the melt- 
ing furnaces, as this will result in contamination of 
the magnesium alloys. All salvaged inserts must be 
carefully inspected and gauged before re-use. 

(E) Surface Smoothness — The average surface 
smoothness of magnesium castings is about 150 micro- 
inches, although somewhat greater smoothness can 
be achieved if desired. The smoothness is controlled 
by the mold wash application and may be varied 
over a wide range. 


Sand Cores for Semi-permanent Mold Work 


Sand cores are used for semi-permanent mold pro- 
duction. In general, core mixes are similar to those 
used for other metals in that they consist of silica 
sand, cereal, binder and water. One important dif- 
ference is that sand mixes for cores used in magnes- 
ium production must contain an inhibiting material 
to prevent reaction between the molten magnesium 
and the sand core. 

Common inhibiting materials are sulphur, boric 
acid, potassium fluoborate, ammonium acid fluoride, 
ammonium _ silico-fluoride and diethylene glycol. 
These may be used singly or in combination. 

Core mixes are generally similar in composition 
for either sand or semi-permanent mold production 
except that less inhibitor is necessary for semi-perm- 
anent mold cores. This is true because the more rap- 
id solidification of the metal in the semi-permanent 
mold process tends to retard the reaction mentioned 
earlier. 

Bank or washed silica sand free from alkalis and 
organic matter is the base material for cores. Charac- 
teristics of the sand used will vary, depending upon 
availability and properties required in the core. 

The binder used, in most instances, is one of the 
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numerous urea-formaldehyde compositions. This 
type of binder is preferred because of its good knock- 
out characteristics and the fact that the baking tem- 
perature for such cores is lower than for cores using 
standard oil binders. A low baking temperature is 
desirable to keep “burn out” or volatilization of in- 
hibitors to a minimum. Under certain conditions 
when a urea-formaldehyde binder is not satisfactory 
because of rapid generation of large volumes of gas, 
a standard oil type binder is used. Satisfactory cores 
can be made with oil binders although their knock- 
out properties are somewhat inferior. It may also be 
necessary to increase the amount of inhibitor when 
oil binders are used. 

A typical core mix used for semi-permanent mold 
sand cores is: 


Ottawa silica sand, lb —_ 1000 
Cereal, Ib on 10 
Urea-formaldehyde type binder, lb — 12 
Boric acid, lb ai 10 
Water, qt — 16 
Kerosene, gt -— 3 


Chills are used in cores where necessary to pro- 
mote progressive solidification of the casting. It is 
important to apply a coating to the chills to prevent 
blows. A typical coating for this purpose consists of 
talc, rosin, and boric acid in an alcohol suspension. 
The coatings can be applied by brush or spray. Ma- 
terials used to repair cores or close joints usually 
consist of various mixtures of fine sand, talc, cereal 
and boric acid moistened with alcohol to form a 
thick paste or mud. 
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(A) Across Parting Line 
+¥, for 1 in. or less—above 1 in. add .002 to ‘tolerance 
per inch of length. 
(B) Between Points Produced by One Part of the Mold 
+1, for 1 in. or less—above 1 in. add .001 to tolerance 
per inch of length. 
Between Point Produced by the Core and Mold 
+, for 1 in. or less—above 1 in. add .002 to tolerance 
per inch of length. 
(D) Maximum Length of Core Supported at One End 
diameter of core x 10. 
(E) Outside Draft 
1° minimum—3° desirable 
(F) Draft in Recesses 
2° minimum—5° desirable 
(G) Draft on Cores 
1%° limited—2° desirable 
- Note: 
(1) Minimum Diam of Cores—1, 
(2) Minimum Web Thicknesses ““T” for Distance of: 
3 in. or less—1% 
3 to 6 in.—%o 
over 6 in.—%& 
(3) Machine Tool Locating Points Should be Indicated 
(4) Allowances for Machining: 
Castings up to 10 in. long—l4o minimum—%%, desirable 
Castings over 10 in. long—34, minimum—\g desirable 
Surfaces formed by sand cores—4g minimum 
(5) Minimum Radius of Fillet 
Radius should equal average thickness of joining walls. 


Fig. 4—Permanent mold tolerances. 
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Design Considerations 


(A) Dimensional tolerances—The dimensional tol 
erances applicable to magnesium permanent an 
semi-permanent mold castings are shown in Fig. 4 
These tolerances are generally acceptable to th« 
foundry, provided close tolerances are specified o1 
only a limited number of specific points on each part 
Normal sand casting tolerances usually apply to those 
surfaces formed by sand cores in semi-permanent mol« 
castings. Designers should not specify tolerances clos 
er than necessary. Also, castings of a complex de 
sign or those made according to specifications whicli 
require unusual foundry practices should be sub 
mitted to the engineers of the foundry involved for 
special consideration. 

In special cases, the foundry may agree to reduce 
the stated minimum dimensional and draft require 
ments, but these exceptions will usually increase the 
cost of the product and/or equipment, and may re- 
duce the production rate of the mold. 

Permanent mold castings are more accurate dimen- 
sionally than sand castings. They are not, however, 
as accurate as die castings. 

(B) Examples of poor casting design from perman- 
ent mold standpoint—In establishing the design of a 
part to be produced by the permanent mold or semi- 
permanent mold process, attention to certain details 
will reduce the cost and improve the quality of the 
part. It should be noted, for example, that thin ribs 
or fins are difficult to cast and that the height of the 
fins should be reduced as much as possible. From a 
design standpoint alone, the substitution of a broad 
flat-edge rib for a high, thin rib almost always re- 
sults in improved serviceability. An example of good 
rib design is shown in Fig. 5. 
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Fig. 5—Examples of good rib design. 
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The difficulties encountered with cracks in thin, 
high ribs can be readily understood if it is remem- 
bered that many magnesium castings are removed 
from molds while portions of the castings are still 
above the equi-cohesive temperature. With a cast- 
ing in this fragile condition, the smallest drag or 
bump is usually sufficient to cause a crack or frac- 
ture. When ribs or other projections are present, 
therefore, extreme care must be used in moving mold 
segments to insure that, once parted, the segment is 
removed without touching the casting. 

A second way in which the designer can aid the 
foundryman in their common objective of obtaining 
a good quality casting is in the blending of thick 
and thin sections. This is also illustrated in Fig. 5 
depicting methods of joining walls of different thick- 
nesses. 

It will be noted that in the preferred method, 
blending is provided which results in a gradual 
change in section thickness as compared with the 
abrupt change commonly encountered. 

In considering the construction of a permanent 
mold for producing magnesium castings, several 
points should be kept in mind. Compared with alum- 
inum permanent mold practices, it has been found de- 
sirable to use closer tolerances in the fit of such mold 
segments as cores, shafts and pins in magnesium prac- 
tice. This is, of course, due to the susceptibility of 
the magnesium castings to cracking when they are 
being removed from a mold. 

Ag the time a mold is being designed, it is also im- 
i on to avoid thin mold projections wherever 
possible. Judicious choice of casting parting lines 
will often be helpful in insuring adequate mold sec- 
tion thicknesses. Thin mold sections are undesirable 
from at least two standpoints. First, considerable cost 
will be involved in maintaining the sections; and, 
second, thin sections of a mold become overheated 
during mold operation and may result in poor qual- 
ity castings in the area involved. Adequate chilling 
of such sections may be difficult or, in fact, im- 
possible. 

Another item which must be carefully considered 
in the construction of a mold is the venting of air 
from the mold cavity. The locations of the ingates 
into the casting cavity often have a profound effect 
on the venting of the cavity. When sand cores are 
used in molds, special precautions must be taken to 
provide means of escape for the core gases. 


Economics and Applications 


A discussion of magnesium alloy permanent and 
semi-permanent mold castings cannot be considered 
complete without some reference to the economics of 
using magnesium castings and an indication of the 
field of application. The experience of the past sev- 
eral years indicates that applications for magnesium 
permanent mold and semi-permanent mold castings 
are to be found in the following classifications: 

1. As a replacement for magnesium sand castings 
in aircraft propulsion units and airframe and _air- 
craft components when the quantities required are 
large enough to amortize the cost of the mold and 
show an over-all saving. Landing wheels, magneto 
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Figure 6 


housings, rocker box covers, front section crankcases 
and jet compressor cases are in this category (Fig. 6). 

2. Applications where either aluminum or mag- 
nesium permanent mold castings are satisfactory but 
the part can be produced at lower cost in magnesium. 
Examples of this category are sideframes for dupli- 
cating machines, lawn mower housings, hoist bodies, 
movie projector housings, sewing machine parts (Fig. 


7). 





Figure 7 


3. Applications where light weight may or may 
not be important but ultimate cost of the finished 
part is the controlling factor. In these cases, mag- 
nesium permanent mold castings can compete with 
gray iron castings because the magnesium castings 
can be cast closer to finished size and shape to elimin- 
ate or reduce machining operations and because the 
cost of machining magnesium is less than that of cast 
iron. Examples—Diesel inspection covers, Diesel 
scavenging valve covers, oil well cementing equip- 
ment, printing plate mounting bases (Fig. 8). 

4. Applications where either aluminum or mag- 
nesium permanent mold castings would be suitable 
but where light weight is a desirable bonus if it can 
be obtained with little or no increase in cost. Ex- 








Figure 8 


amples—Frames for change-makers, housings for por- 
table tools, textile machinery parts, X-ray tube hold- 
ers, cable reels (Fig. 9). 





Figure 9 


The use of magnesium castings of all types in 
such fields as aircraft where weight saving is extreme- 
ly important is well known and easily understand- 
able. If the magnesium foundry industry is to con- 
tinue to expand, however, commercial outlets must 
be established and maintained against the day when 
the industry is no longer supported by defense orders. 

The chief competitor of magnesium permanent 
mold castings in commercial applications is alumin- 
um castings. There are many commercial applica- 
tions where neither the generally superior corrosion 
resistance of aluminum nor the lighter weight of 
magnesium is important, and, in these instances, the 
customer will use the metal that provides him with 
the lowest cost product. It may be of interest to ex- 
amine some of the costs that go into the price tag 
on a casting and to compare magnesium and alumin- 
um permanent mold castings in light of these costs. 

During the past several years, the metal cost per 
given casting has been less in magnesium than in 
aluminum. Today, with pure magnesium at 24.5 
cents per lb as compared to aluminum 99 per cent 
ingot at 20 cents per lb, the metal cost per casting in 
magnesium should be as low as in aluminum. The 
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cost per unit volume of melting magnesium is higher 
than the cost of melting aluminum because of the 
melt loss encountered with magnesium and the pro- 
tective agents and fluxes used to prevent magnesium 
from oxidizing. We have found, however, that in 
most instances this is more than offset by the fact 
that it is possible to get more castings per hour out 
of a given mold in magnesium than in aluminum. 
It is hard to generalize because of the different parts 
involved, but it might be said that on the average, 
the increased production when magnesium is cast in 
the mold is about 20 per cent. 

There are two chief reasons for this increased pro- 
duction. First, as mentioned before, the set-time for 
magnesium castings is less than for aluminum cast- 
ings because less heat needs be extracted before the 
casting can be removed from the mold; and second- 
ly, only two-thirds the weight of metal is handled 
when casting magnesium. - In some instances, this re- 
sults in being able to use one man on a mold to 
produce magnesium castings where two are required 
if aluminum castings are being made. 

More scrap is encountered in magnesium than in 
aluminum, and this is one factor that tends to off- 
set the lower labor cost when casting magnesium. 

In regard to trimming operations, magnesium 
again has the advantage. The ease of sawing, grind- 
ing and machining magnesium is well known, and 
the lighter weight of magnesium castings makes them 
easier to handle. Offsetting some of the trimming 
gain is the fact that magnesium castings are normally 
supplied with chrome pickle surface treatment, where- 
as aluminum castings are usually shipped without 
surface treatment. A certain saving is realized in re- 
duced shipping costs with magnesium because of its 
lighter weight. 

The principal competitor of both aluminum and 
magnesium permanent mold castings are gray iron 
sand castings. In most instances, the deciding factor 
which determines the acceptance of the product is not 
the characteristics of the material, but rather the 
price of the casting. Some inroads have been made 
and are being made by magnesium in competition 
with gray iron. Occasionally, it is found that because 
thinner sections can be cast in magnesium perman- 
ent mold than can be sand cast in iron, the mag- 
nesium permanent mold foundry can supply a cast- 
ing which weighs, not one-fourth the weight of the 
iron casting, but perhaps one-seventh the weight. In 
such instances as this, the magnesium foundry can 
frequently supply the customer with a casting which 
is not only much lighter and easier to handle, but 
also cheaper than the iron casting, 

As stated in the beginning, it has been the pur- 
pose of this paper to outline the current status of the 
art of casting magnesium alloys in permanent and 
semi-permanent molds. To achieve this purpose, the 
characteristics that alloys for permanent mold work 
should possess have been discussed and certain points 
regarding casting design and economics have been 
set forth. It is hoped that the discussion and facts 
presented here have demonstrated that magnesium al- 
loy castings made by the permanent mold process are 
available for a wide range of purposes at prices that 
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are competitive with aluminum and gray iron cast- 
ings. 
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R. F. Datton:* How is beryllium added to magnesium? 

Mr. GINGERICH: Beryllium is added after the magnesium is 
molten by methods believed to be patented. 

Co-CHAIRMAN LAVELLE: How do you flush the molds? Are 
inhibitors used in the mold wash? 

Mr, GINGERICH: The molds are not ordinarily flushed. When 
done, however, SO, is used for this purpose. Standard mold 
washes are employed. 

R. J. MAENNER:* Why was the range, 1380-1420 F, selected 
as the pouring temperature? 

Mr. GinGericH: This range is typical of practice. Tempera- 
tures are kept low to »revent burning of the metal. 

Memser: Are crucibles or some other type of pots used in 
melting? Is degassing of the metal required? 

Mr. GINGERICH: Fabricated steel pots are used. Degassing 
is done with chlorine. 

Member: Is grain refinement necessary? 

Mr. GINGERICH: Yes, it is standard practice. 

MemBerR: Do you lose your grain refinement if the metal is 
held too long in the molten state? 

Mr. GINGERICH: Yes, but there is no appreciable change in 
114-2 hr. 

CHAIRMAN Maper: Do you have trouble with precipitation 
in your melts? 

Mr. GINGERICH: Yes, occasionally, but we do not know why 
it happens. 


1 Development Engineer, U. S. Gypsum Co., Chicago. A 
2 Supervisor, Permanent Mold Foundry, The Dow Chemical Co., Bay 
City, Mich. 





PREDICTION OF MECHANICAL PROPERTIES FROM CHEMICAL 
COMPOSITION FOR FULLY-ANNEALED DUCTILE CAST IRON 


By 
C. C. Reynolds,* C. M. Adams,** and H. F. Taylor *** 


ABSTRACT 


A correlation is made in this paper, between mechanical 
properties and composition of ferritic ductile irons. The data 
used for calculating was obtained from carefully controlled 
laboratory experiments in which many elements (carbon, silicon, 
manganese, nickel, phosphorus, magnesium, also section size) 
were varied singly with all other variables held constant. The 
fact that mechanical properties could be accurately predicted 
for ductile irons as a function of composition (and vice versa) 
seemed a remarkable confirmation of the engineering potential 
of this material. Applications of such information are dis- 
cussed and methods of calculation clearly described. 


|. Introduction 


Ductile cast iron consists of graphite spherulites 
dispersed in a metallic matrix. The matrix material 
may vary from pure ferrite to high carbon steel, and 
its microstructure depends heavily upon chemical 
composition and heat treatment. Possible microcon- 
stituents in the matrix include ferrite, pearlite, car- 
bides, bainite, martensite, tempered martensite, and 
retained austenite. 

To take full advantage of ductile cast iron as an 
engineering material, it will ultimately be necessary 
to obtain complete information on mechanical prop- 
erties in a convenient form. To accomplish this, each 
general type of matrix should be studied with varia- 
tions in chemistry and heat treatment, and the data 
correlated in a straightforward pattern. Given such 
a correlation, the user would be able to select the 
optimum composition and heat treatment for his 
needs, and the true potentialities of ductile cast iron 
might be realized. 

The first phase of the compilation outlined above 
has been directed at a study of the completely fer- 
ritic matrix; reasons for this are: 

1. Currently, low alloy ductile cast iron is most 
widely used in the annealed, ferritic condition. This 
is due largely to the relative ease of preparation and 
heat treatment, and the high ductility of the ferritic 
material. , 

2. A fact not widely appreciated is that the ferritic 
material can encompass a surprisingly extensive range 
of mechanical properties. Ductile cast iron is unique 


*D.LC. Staff, **Assistant Professor, and ***Professor, Dept. 
of Metallurgy, M.I.T., Cambridge, Mass. 


in that it can take full advantage of the properties 
obtainable by solid solution hardening of ferrite. 
3. A simple, two phase, mechanical mixture of fer- 
rite and graphite lends itself readily to the type of 
correlation used, whereas the presence of additional 
microconstituents would make the job more complex. 
4. A large amount of data has already been ob- 
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Fig. 1—Effect of carbon on mechanical properties. 
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Fig. 2—Effect of silicon on mechanical properties. 


tained under carefully controlled laboratory condi- 
tions;+ these data are presented again herein as Figs. 
1 through 6. 

This correlation of mechanical properties with 
chemical composition applies to irons having analyses 
within the limits 0.75-4.5 pct Si, 2.25-4+ pct C, 0-3 
pct Ni, 0.04-0.10 pct Mg, 0.003-1.0 pct Mn, 0.016- 
0.4 pct P in section sizes of 6 in. and under. 


Il. Analysis of Data on Mechanical Properties 


Fully annealed ductile iron may be considered as 
pure ferrite, modified by the elements normally pres- 
ent in this type iron. Carbon modifies the ferrite 
by dispersing many small spherulites of graphite 
throughout the matrix. Since graphite is weak and 
soft, increasing the carbon will decrease all mechan- 
ical properties of the ferrite-graphite mixture. Ex- 
amination of Fig. 1 reveals that the tensile strength 
decreases 4,400 psi for each per cent of carbon pres- 
ent. The ferrite is further modified by the other 
elements (silicon, nickel, manganese, phosphorus) 
and by section size. One per cent of silicon will in- 
crease the tensile strength 11,000 psi (Fig. 2), and 1 


tC. Reynolds and H. Taylor, “Mechanical Properties of 
Spherulitic Graphite Cast Iron,” A.F.S. TRANsaAcTIoNs, vol. 60, 
pp. 687-713 (1952). 
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pet nickel 5,000 psi (Fig. 3). Similiarly, the other 
mechanical properties exhibit a straight line varia- 
tion when the concentration of a single element is 
changed (with the exception of phosphorus). Add- 
ing a given element will have an effect upon a par- 
ticular mechanical property which is obtained from 
measuring the slope of the pertinent line in Figs. | 
through 5. Composition factors obtained in this 
fashion are listed in Table 1, in which the effect of 
adding 1 pct of an element is shown for each prop- 
erty. Also included in Table | is the influence of a 
l-in. increase in section size on properties. 

The element phosphorus is the only element in the 
present paper which does not contribute linearly to 
the mechanical properties. Phosphorus contributes 
strongly at first, and to a lesser degree with each ad- 
ditional amount present. For convenience in graph- 
ical correlation, an “equivalent” per cent phosphorus 
(%P.) has been developed using the data of Fig. 5. 
In Fig. 7, curves are presented which relate %P, to 
actual per cent phosphorus. The %P, can then be 
applied in the manner as used for the other elements. 
The %P, is used in assessing the effect of phosphorus 
on yield strength, tensile strength and hardness as 
shown in Table 1. Since elongation and reduction 
in area are linearly affected by phosphorus, the fac- 
tors for these properties (in Table 1) apply to 
actual per cent phosphorus. 
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Fig. 3—Effect of nickel on mechanical properties. 
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TABLE 1—CHANGE IN PROPERTY FOR EACH PER CENT 
OF ELEMENT 





Increase in 





Element TS. Y.S. BHN R.A. El (1) 
1% Carbon —4,400 —4400 -—7.2 —28 —2.1 

1%, Silicon +11,000 411,200 +29 -—28 —3.0 

1%, Nickel +5,000 +6000 47.0 —23 —1.0 

1% Manganese 0 0 +11 0 0 

l-in. Section Size 0 0 0 —28 —28 

1%, Phosphorus 

Equivalent +5,000 +45,000 +436 -—— -—— (IA) 
or 
1%, Phosphorus —— —— — —4]1 —3%8 





Residual magnesium (within reasonable and ex- 
pected limits) has no effect upon the mechanical 
properties and for this reason is not considered. 

The composition factors in Table 1 have been de- 
termined experimentally by varying the concentration 
of one element with all others held constant. Factors 
would not be very useful, however, unless applicable 
to a base iron of any composition. In other words, if 
the effects of the elements are independent of one 
another, and are completely additive, the process of 
correlation becomes much easier and of more prac- 
tical importance. The elements may be shown to act 
independently by the following procedure: 

Each series of experiments was designed to assess 
the contribution of a single element to the mechan- 
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Fig. 4—Effect of manganese on mechanical properties. 
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Fig. 5—Effect of phosphorus on mechanical properties. 


ical properties of a normal iron. When the individ- 
ual contributions of all the major elements had been 
determined, it was possible to subtract the effect of 
each element from a given iron, and obtain a hypo- 
thetical set of mechanical properties for unalloyed 
ferrite. When the operation was repeated for all 
compositions tested, the properties of the ferrite thus 
obtained were in consistently good agreement. The 
results of this analysis are presented in Table 2. Data 
from each series of experiments led to a single in- 
dependent determination of ferrite properties. For 
example, the first set of ferrite properties, shown in 
Table 2, was obtained from an analysis of the carbon 


TABLE 2—CALCULATED MECHANICAL PROPERTIES FOR 
UNALLOYED FERRITE 








Series (TS). (Y¥.S.)o (BHN), (R.A.), (El). 
Carbon 43,800 26,600 85 49 41 
Silicon 42,100 25,900 86 46 39 
Phosphorus 39,200 20,500 70 45 44 
Nickel 44,300 20,800 81 47 42 
Magnesium 40,300 21,200 82 48 42 
Manganese 39,900 21,300 72 46 45 
Section Size 39,500 19,406 80 45 41 





Average Mechanical 
Property = 41,300 22,200 79 47 42 
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series (Fig. 1). The procedure was simply to extra- 
polate the straight lines in Fig. 1 te zero carbon, and 
then subtract the contributions of Si, Mn, P, and 
section size. 

The properties of ferrite, which showed little de- 
viation from series to series, were averaged; these av- 
erage values will be used in subsequent para- 
graphs, and are denoted as (T-.S.),, (Y.S.),, (BHN),, 
(R.A.),, and (El),. 

Tables 1 and 2 may be combined and expressed 
analytically: 

TS. = 41,300 — 4,400 (%C) + 11,000 (%Si) + 5,000 (%Ni) 
+ 5,000 (%Pe) 
Y.S. = 22,200 — 4,400 (%C) + 11,200 (%Si) +4 6,000 (%Ni) 


+ 5,000 (%P.) 
BHN = 79 — 7.21 (%C) + 29 (%Si) + 7 (%Ni) + 11 (%Mn) 
+ 3.6 (%Pe) 


R.A. = 47 — 2.8 (%C) — 28 (%Si) — 2.3 (%Ni) — 2.8 (1-in. 
Section) — 41 (%P) 

El— 42— 2.1 (%C) — 3.0 (%Si) — 1 (%Ni) — 2.8 (I-in. Sec. 
tion) — 38 (%P) 

The above equations are not in a very convenient 
form and the accuracy indicated is better than the 
data warrant. A few approximations lead to the fol- 
lowing expressions: 


T.S. = Y.S. + 20,000 — 41,000 + 5,000 [2 (%Si) + (%Ni) + 
(JoPe) — (%C)] 

BHN = 79 + 3.6 [8 (%Si) + 2 (Y%Ni) + 3 (%Mn) + (%P.) 
—2 ( %0)] 

R.A. = 47 — [3 (%Si) + 3 (%C) +2 (ANi) + 3 (l-in. Sec- 
tion) + 40 (%P)] 

El = 42 — [3 (%Si) + 2 (%C) + (Y%Ni) + 3 (l-in. Section) 
+ 40 (%P)] 


These equations are presented graphically in Figs. 8 
and 9, and summarize all of the information con- 
tained in Figs. 1 through 6. Figures 8 and 9 consti- 


Feu = -A%C) + B(%Si) + 2I%Ni) + B(%Mn) + (%PE) 
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tute the practical, useable end-products of the corre- 
lation. The charts may be directly interpreted to 
provide a suitable chemical composition for a re- 
quired set of mechanical properties, using ferritic 
ductile iron. 


lll. Practical Aspects of the Analysis 


The effect of each element on the mechanical prop- 
erties of ductile cast iron with ferritic matrix has 
been separated and evaluated. The results can be 
useful in many ways: 

1. The analysis developed herein provides an in- 
dex of graphite shape. Knowing chemistry, a theore- 
ical strength can be calculated and compared with 
the measured strength. Any difference would then 
be due to deviation of graphite shape from the spher- 
ulitic form. 

2. From Figs. 8 and 9 the best direction in which 
to change chemistry of the iron to obtain desired 
mechanical properties can be determined. 

3. The ratio of hardness to strength can be changed. 
From Fig. 10 it can be seen that, for a given increase 
in strength, silicon increases hardness twice as fast 
as does an equivalent increase in the amount of 
nickel or decrease in carbon. Manganese increases 
hardness without appreciably changing strength as 
measured by the normal tensile test. (Increasing man- 
ganese increases the tendency for the matrix to work 
harden. This, plus the fact that resistance to defor- 
mation is measured by Brinell hardness on an in- 
creasing area, and by the tensile test on a decreasing 
area, probably causes this abnormality.) Figure 10 
graphically represents the relation between Brinell 
hardness and strength for each element. 

4. Considering all equations, carbon should be kept 
as low as possible for optimum mechanical proper- 
ties. The minimum carbon will be controlled by fac- 
tors such as melting unit, inoculating technique, sec- 
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Fig. 9—Effect of chemistry on elongation and reduction 
of area of ferritic ductile iron. 
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Fig. 10—Comparative effect of elements on change in 
tensile strength and yield strength for change in Brinell 
hardness. 


tion size, pouring temperature, shrinkage and general 
practice. 

5. The effect of the various elements in the rela- 
tionship between hardness and ductility is shown in 
Fig. 11. Here it is very evident carbon should be 
kept to a minimum. Small amounts of phosphorus 
are necessary for good strength, but above about 0.05 
pet the loss of elongation is high for the attendant 
increase in strength. Nickel and silicon are shown 
to be excellent alloys for ferrite. 

6. It is possible to determine the greatest elonga- 
tion that can reasonably be expected of ferrite. This 
might be produced by iron of the following composi- 
tion: 2.25 pet C, 0.02 pct P, 0.75 pct Si. 





Element Fr, Frys 

2.25% C 4.50 225 

0.02% P or 

1.5% Pe 0.76 1.50 

0.75% Si 2.25 1.50 
Total F — 751 0.75 


Fx; = 7.51 = 35% elongation 
Pos = 0.75 = 45,000 psi tensile strength 





7. The above are examples of ways to use the anal- 
ysis described in this paper. This building block of 
information will become increasingly important as 
the other blocks (studies of matrices of pearlite, bain- 
ite, etc.) become available, and are combined in sim- 
ilar form. It should be noted the analysis is not com- 
plete for all properties; fatigue, high temperature, 
and impact properties are not included. 

8. In addition to the above ways in which the anal- 
ysis will be useful, it is hoped it may serve to empha- 
size the industrial potential of ductile cast iron. That 
such a relationship as found exists between mechan- 
ical properties and composition attests to the repro- 
ducibility, as well as the generally desirable proper- 
ties, of this remarkably utilitarian material. Much 
has been said about the undependability and inabil- 
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ity to produce this material commercially to reason- 
able standards. It seems only natural to the authors 
that such an infant material, yet new in commercial 
production, should still present problems in manu- 
facture. These serious problems do not prevail in 
carefully controlled laboratory production and will 
diminish in shop practice as quality control standards 
and experience improve. 
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Fig. 11—Comparative effect of elements on change in ten- 
sile strength and yield strength for change in elongation. 








NOTES ON AIR FURNACE DESIGN AND OPERATION 


By 
J. E. Rehder* 


ABSTRACT 


A discussion is presented, based on operating experience, of 
various specific factors in the design of the air or reverberatory 
furnace, and its operation and maintenance. Reference is mostly 
to furnaces used in duplexing practice and fired with pulverized 
coal, used in the malleable iron industry in the United States 
and Canada, but oil firing and cold melt practice are mentioned. 


Introduction 


The air furnace, used either with a solid metallic 
charge or supplied with liquid iron from a cupola, is 
almost the standard melting unit in the malleable 
iron industry on the North American continent, and 
a major proportion of the iron melted (entirely of 
“black-heart” grade) is from such units. The air fur- 
nace is also used to a small extent for high-quality 
gray irons such as for chilled iron rolls. 

Among the attractive features of an air furnace are 
relatively low capital cost, reasonable operating cost, 
ability to attain high metal temperature, the provi- 
sion of a relatively large bath of iron of uniform and 
controllable composition, and the ability to provide 
irons of low carbon content. Disadvantages in some 
circumstances are the necessity of oxidizing condi- 
tions when high iron temperatures are desired, a 
capital and operating cost midway between cupola 
and electric furnace, and the awkwardness of hand- 
ling high-carbon irons. However, the furnace is use- 
ful and versatile, and is amenable to improvement. 

As experienced melters know, the air furnace is a 
responsive piece of equipment and correct design and 
attention to details of operation are essential to main- 
taining the low costs and high quality of metal pro- 
duced, of which the unit is capable. The writer has 
observed several instances where operating costs were 
high, desirable tapping temperatures were almost un- 
obtainable, or iron composition was erratic; and in 
every case the difficulty could be traced to poor de- 
sign of the air furnace, incorrect operation due to 
lack of understanding of how such a furnace works, 
or deliberate “pushing” of the furnace so that it was 
operated at much over its designed capabilities. It is 


* Director of Technology & Research, Canada Iron Foundries, 
Limited, Montreal, Canada. 
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hoped that the following notes may be of interest 
and some help to air furnace operators, and although 
the duplexing air furnace will receive major atten- 
tion, the cold-melt furnace is very similar and the 
same principles apply. 

Design 

The function of the air furnace in a duplexing 
cupola-air furnace melting equipment is to receive 
molten iron from the cupola and to increase its tem- 
perature, adjust its composition, and provide a bath 
to absorb fluctuations in demand for iron from the 
pouring lines, These should be, and are, accomplished 
simultaneously and effectively, but uniform and rea- 
sonably efficient air furnace operation is dependent 
on the understanding and maintenance of a balance 
of many factors. Through experience certain opti- 
mum furnace proportions and firing conditions have 
been developed, which have been found to provide a 
good working balance, and it is essential to pay at- 
tention to these matters if a good furnace operation 
is to be obtained. 

In a cold-melt air furnace, of course, the charge 
must first be melted down to a bath, which takes the 
major portion of total heat time, but then the super- 
heating of the bath and the adjustment of its com- 
position are the same function, and are subject to 
the same rules as the furnace operating as a duplex- 
ing unit. 

A considerable amount of control can be had over 
the chemical composition of a liquid bath of iron in 
an air furnace, and this is one of the inherent ad- 
vantages in use of the furnace. Since superheating is 
a primary function, and the hottest flame is oxidizing 
in nature, the normal tendency of an air furnace 
under conditions of most rapid heat input is to de- 
crease the carbon, silicon, and manganese contents of 
the iron. The rate of oxidation of carbon can be 
under considerable control, and net decrease in sili- 
con content can be held to zero or less by suitable 
operation, but the effect of loss of manganese can be 
compensated only in the charge or feed to the fur- 
nace, or in emergency by alloy additions to the bath. 
In duplexing operation the carbon, silicon, and man- 
ganese contents of the molten cupola metal are ad- 
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justed to make allowance for expected changes in the 
air furnace. Phosphorus content of the iron is changed 
very little in the air furnace (a very small increase 
due to oxidation of a small amount of iron) and sul- 
phur content is increased by 0.01 to 0.04 per cent de- 
pending on the sulphur content of the fuel used in 
firing. 

A decrease in carbon content of the iron in the air 
furnace is usually desired, and it is on this factor that 
preliminary design conditions are based. The carbon- 
decreasing power of an air furnace is obviously re- 
lated to 

1. The nature of the firing flame or furnace at- 

mosphere. 


2. The surface area of the bath. 

3. The time the iron is in the furnace. 
4. The depth of the bath of iron. 

5. The temperature of the iron. 


A figure in common use, and which has given satis- 
factory results in duplexing furnaces, is that with a 
furnace holding 2 to 214 hr supply of iron, the car- 
bon content will decrease at the rate of about 0.02 
per cent per square foot of bath area, per ton through- 
out, per hour. For lower carbon irons, therefore, the 
specific bath area is increased and when duplexing, 
the cupola is operated to provide lower carbon iron. 
Data relating desired carbon content and bath area 
are summarized in Table 1. 








TABLE | 
Desired Sq Ft Expected Desired 
Carbon Bath Carbon Cupola 
Content, % /ton/hr Decrease, % Carbon, % 
2.30 22 0.44 2.74 
2.40 20 0.40 2.80 
2.50 18 0.36 2.86 
2.60 16 0.32 2.92 
2.70 14 0.28 2.98 
2.80 12 0.24 3.04 





Experience has shown that the ratio of length to 
width of an air furnace should be from 4 to 1 for 
large furnaces to 5 to | for small furnaces, and from 
this it follows for an average ratio of 4.5 to 1, that the 
width of the bath is given by 


. | area 
- = — 
VN 4.5 


and of course the length will then be 





1 = 4.5 & width 


Usually, the height of the furnace side wall at the 
tap hole is about one-twelfth the length. Various pro- 
files of side wall have been tried, from flat (i.e. the 
top of the side wall parallel to the surface of the bath 
from the burner end wall to near the bridge wall), 
to profiles with a hump or dip about midway along 
the furnace. However, the writers’ experience is that 
a gentle straight line slope, of about 1/3 in. per ft, 
from the burner end wall to a few feet short of the 
bridge wall, with then a sharper slope to the bungs 
over the bridge wall, is the most efficient profile and 
gives most rapid and uniform heating. 

The rise or arch of the removable bungs which 
constitute the roof of the furnace should be as low 
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as practicable, and the flattest arch which will stay 
up without requiring very strong and heavy bung 
frames, should be used. 

Very deep baths of liquid iron are not desirable in 


air furnace practice since heating is slow, carbon re- 


duction is slow, and serious temperature and compo- 
sition differences may exist between top and bottom 
layers. In practice from 2 to 214 hr supply of iron is 
desirable in a duplexing furnace to give time for 
heating and composition adjustment, and to provide 
a reservoir, and this figure in combination with the 
above data will determine the bath depth. 

The tap hole should be located about one third of 
the distance from burner end wall to bridge wall, 
and the bottom should be sloped about %¢ in. per ft 
to the burner end wall, and 14 in. per ft to the bridge 
wall. The bottom should be dished so that the center 
is about 2 to 4 in. lower than the level at the side 
walls, depending on the width of the furnace, and a 
further drop of about 2 in. should be provided to- 
ward the tap hole to ensure adequate drainage on 
emptying the furnace. 

The top of the bridge wall should be as close to 
the level of the iron in the furnace as practicable, 
and in practice should be only 2 to 5 in. above the 
metal line when the furnace is full. An unnecessarily 
high bridge wall will deflect the flame upwards so 
that the end of the bath will not be properly heated, 
which will result in dull iron at the tapping spout. 

A firing rate of 105 to 110 Ib of coal per hour per 
square foot of transverse cross-section above the metal 
at the tapping spout is necessary in order to give 
rapid heating, high flame temperature, and a flexible, 
smooth working furnace. With the firing rate de- 
termined, the area of the bridge wall opening can be 
found by assuming that 14 sq in. of opening is re- 
quired for each pound of coal fired per hour. The 
bridge wall opening is very important, and close at- 
tention must be paid to ensure that it is maintained 
at the correct figure since it is in effect the throttle 
of the furnace that controls heating efficiency. 

Adequate draft is necessary in the air furnace stack, 
sufficient to provide for the maximum firing rate 
under the poorest draft conditions, with some spare 
capacity so that a draft damper at the base of the 
stack will still be effective. A stack cross-sectional 
area (50 to 60-ft height) of about 1.3 sq in. per lb of 
coal fired per hour should be suitable 

The data on firing rate, bridge wall opening, and 
stack are summarized in Table 2, where heat unit 
equivalents are also given for easy conversion to oil 
firing. There is indeed indication that the heat unit 
basis is the correct one, and that, for example, more 
of 14,000 Btu coal must be fired for optimum condi- 
tions than of a 15,000 Btu coal. How far this con- 


TABLE 2—-FIRING RATES 








Lbs per Millions Btu 
Sq Ft Per Sq Ft 
Per Hr Per Hr 
Furnace Cross- 
Section at Tap hole 105-110 15.2-16.0 
Bridge Wall 288 41.8 
Stack 110-115 16.0-16.7 





> 





518 


ception can be extended in the direction of lower 
heat content coals is not known to the writer. 

The questions of burners and coal pulverizing 
equipment will not be gone into here, since satisfac- 
tory equipment is readily purchased and design in- 
formation is of secondary importance. Burner setting 
and location should follow the recommendations of 
the manufacturer, and it should be noted that pres- 
ent-day practice is towards single, water-cooled burn- 
ers set at relatively flat angles of 3 to 7 degrees from 
horizontal. 

Example—As an example of the above data, con- 
sider a specific requirement. A duplexing furnace is 
to provide 10 to 12 tons per hour of 2.50 per cent 
carbon iron. 


Carbon desired 
Area of bath (Table 1) 


2.50 per cent 
18 sq ft/ton/hr 


Output per hour 12 tons 
Total area of bath 216 sq ft 
Width of bath 7 ft 
Length of bath 31 ft 


Height of side wall 30 in. (see below) 


Furnace contents per 


inch of height 4 tons 
Total bath at 214 hr 30 tons 
Bath depth center of furnace 91% in. 
Bath depth at tap hole 1114 in. 


Assuming a bung frame which will provide a rise 
of 9 in, in 7 ft, the area under the bung will be given 
by 

2 9 
—-xX—xX7= 34 5q ft 


3 12 


Since the bungs must extend to rest on the middle 
or outer part of the top of the side wall, the total 
length of the bungs must be about 20 in. more, or a 
total of about 8 ft, 10 in., and the effective side wall 
height will then be increased by the rise of the bung 
line in 10 in., or about 2 in. The height to which the 
side walls will be built at the tap-hole would then be 
30 less 2, or 28 in. above the metal line, or 3914 in. 
above the tap hole. 


Cross-sectional area furnace 

at tap hole 3.5 plus 17.5 21 Sq ft 
Firing rate 2270 lb coal/hr 
Bridge wall opening 1135 Sq in. 
Area of Stack 2950 Sq in. 


Three access doors are usually provided, a small 
one near the burner end wall for lighting and for 
observing the condition of the burner port, and two 
larger ones, one near the tap hole for making bath 
additions and one near the bridge wall for skim- 
ming slag. The latter, of course, must be carefully 
adjusted in height so that the door sill is close to the 
metal line for ease in skimming slag, and a sloping 
sill is very helpful in this direction. The doors should 
be the minimum size that can be conveniently worked 
through. 

On duplexing furnaces the iron is delivered from 
cupola to air furnace by a refractory trough, and 
this should enter the furnace 4 or 5 in. above the 
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surface of a full bath. Troughs or spouts 24 ft long 
are in satisfactory service, but normally it should be 
possible to arrange a shorter spout. The tempera- 
ture drop in the spout under steady running condi- 
tions amounts to about | degree F per ft of length. 
The preliminary sketch for the furnace in the ex- 
ample described above would be as in Fig. 1. 
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Fig. 1—Air Furnace Design Example. 


As a final point in design considerations, it should 
be noted that on the basis of the data available to 
the writer, all of the above considerations are directly 
applicable to air furnaces using oil as fuel, on the 
basis of equivalent heat units or Btu. If a firing rate 
of 108 Ib of 15,000 Btu coal per square foot per hour 
is suitable, then use of 8.1 gal of 200,000 Btu oil per 
square foot per hour will also give satisfactory opera- 
tion. 

Cold melt air furnaces, where all or most of the 
furnace charge is put in the furnace in the solid state, 
will be found to operate efficiently under the above 
rules. However, in such furnaces it is sometimes 
necessary to increase the height of side walls especially 
along the tap hole area in order to give sufficient 
room to get all of the charge in and still allow room 
for flame to travel down the furnace. It will be found 
advantageous to keep this increase in volume to a 
minimum in the interest of fuel economy. Firing 
rates during melt down will be found to be about 20 
per cent greater than the rate during superheating, 
and the latter should be the design figure. 


Operation 


Various details of operating practice will be de- 
scribed with no attempt to be exhaustive, but with 
hope of covering the more important factors. 


Coal—The desirable attributes of coal suitable for 
use in pulverized coal fired air furnaces are good 
friability or grindability, high heat content, low ash 
and sulphur contents, and a volatile matter content 
of the right order for the size of furnace involved. 
Such coals are premium coals, and are becoming more 
difficult to obtain to desirable specifications. 

Grindability is very important, and should be at 
least 90 and preferably more on the Hardgrove scale. 
If a coal will not pulverize easily, combustion char- 
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acteristics will be poor and other desirable properties 
obscured. One of the most important characteristics 
of a coal in determining grindability is its moisture 
content, and this usually is not under the control of 
the coal producing company due to transit and stor- 
age conditions. Wet coal will not pulverize properly, 
and it is essential to either obtain the coal in a dry 
state and store under cover, or to provide facilities 
for drying the coal. Considering the large quantities 
of waste heat in an air furnace stack, the latter should 
not be difficult or costly. The moisture content of 
the coal may be determined regularly and a safe 
maximum figure set, but in the writer’s experience a 
rough and practical criterion is that the coal, when 
disturbed, should yield dust. If the coal is dry enough 
to dust freely, little trouble should be had with ef- 
fects of moisture content on pulverization. 


: Volatile Matter in Coal 


The volatile matter content of the coal is import- 
ant, since it affects the length and type of flame ob- 
tainable. Volatile matter content below 18 to 20 per 
cent is undesirable for most furnaces, since a short, 
hot flame is produced that can do serious drainage 
to the side walls and bungs near the tap hole while 
not heating the far end of the bath properly. In 
small furnaces, however, holding 6 to 10 tons and 16 
to 20 ft in length, 18 per cent volatile coal can be 
used successfully and with some advantage. High 
volatile matter content, 30 per cent or over, results in 
a very long flame that is still burning after it has 
passed over the bridge wall, which does not heat the 
bath rapidly and results in high fuel consumption. 
Higher volatile coals also in general do not have good 
grindability, which is a further disadvantage. A 
range of 22 to 26 per cent volatile matter will be 
found satisfactory for most furnaces. 

The ash content of good air furnace coal should 
be low for indirect reasons, but it is unwise to spe- 
cify very low ash contents until all other characteris- 
tics of the coal are known. High ash content is norm- 
ally undesirable because it decreases the heating value 
of the coal, increases wear on pulverizer beaters, and 
deposits large amounts of fly ash in flues and waste 
heat boilers. 

The sulphur pick up of iron in an air furnace 
from the firing flame is proportional to the sulphur 
content of the coal, and in practice a maximum sul- 
phur content of the coal is usually set at 1.0 per cent. 

The heating value of a coal, in Btu per pound is 
important in air furnace practice, and in order to 
attain the flame temperatures of 3200 F or more 
usually necessary, a heating value of 14,000 Btu per 
pound minimum is required. Optimum furnace op- 
eration requires 14,300 Btu per pound or more. 

In Table 3 are given the limits within which it is 
considered the properties of an air furnace coal should 
fall. 

TasLe 3—COAL PROPERTIES 





Moisture low 

Volatile matter, % 20 to 27 

Ash Content, % max 7.0 

Sulphur, % max 1.0 

Btu per Ib, min 14,000 
Grindability 85 Hardgrove min. 
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Pulverization—Assuming a suitable coal is in use, 
of low moisture content or properly dried, and a pul- 
verizer maintained in good condition, a large degree 
of control over the operation of an air furnace can 
be obtained by suitable manipulation of the rate of 
coal feed, the fineness of grind control, and the 
amount of secondary combustion air. The “bottom 
air’ setting on Whiting pulverizers usually does not 
need to be changed once it is properly set for the 
furnace and the particular coal being used. 

The rate of coal feed obviously determines the rate 
of heat input into the furnace, other things con- 
stant, and there is usually a fairly narrow range with- 
in which a given furnace operates most efficiently 
with the highest flame temperature and heating rate 
of the iron bath. Conditions must be kept in bal- 
ance, however, in accordance with the data given 
above, and no amount of over-firing will adequately 
correct for, for example, a too-large bridge wall open- 
ing. Coal feed and heat input may, of course, be 
decreased as necessary for holding over a shut down, 
and must be decreased towards the end of a heat as 
the furnace is being drained and the bath becomes 
shallower. Overheating at the end of a heat will 
invariably cause silicon content to increase rapidly 
by reduction from the bottom, with resulting decrease 
in carbon content and the production of an iron with 
poorer fluidity and greater shrinkage than expected. 

Since the important factor is pounds of coal per 
hour and not some figure on a dial or feed screw 
setting, the calibration of the coal feed screw should 
be checked frequently by actual weighing. Such 
trouble as this may seem will be adequately repaid in 
a more uniform and systematic furnace operation. 

One factor frequently overlooked in firing an air 
furnace is the increase in volume and cross-sectional 
area of a furnace during a week’s run, due to erosion 
and slagging of side wall and bung brick. This in- 
creased area demands a greater coal feed for proper 
combustion, and attempts to fire a furnace on Fri- 
day exactly as it was done on Monday may result in 
trouble with dull iron. 


Fineness of Coal 


The fineness control setting, on Whiting pulverizers 
at least, is effective, and the type of flame obtained 
varied accordingly. Use of relatively coarse coal is 
very useful when oxidation rate must be decreased, 
and if the bath is hot the carbon content may even 
be increased by proper use of a coarse coal setting on 
the fineness control. 

There is a tendency in some quarters, especially in 
the front office, to suggest that an air furnace can be 
operated on a set time schedule of pulverizer and air 
settings. This is a serious mistake, and experienced 
melters know that an air furnace can be operated 
properly and efficiently only by constant attention to 
details throughout every heat. So many unpredictable 
factors can upset the balance of operation, such as 
variations in moisture content and grindability of 
coal, erosion of linings, build-up of bridge wall, 
changes in stack draft due to weather, to mention a 
very few, that the attention of an experienced melter 
with authority is essential. 
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A fairly common practice which in the writer's 
opinion is actually uneconomic, is to fire annealing 
furnaces and melting furnaces, or even several melt- 
ing furnaces, from a central pulverizer station. The 
type of coal most suitable for firing annealing fur- 
naces is seldom the best type for melting, and in a 
central operation both processes must suffer. Even 
when only melting furnaces are on the central pul- 
verizer, the situation is not good since there is no 
way of controlling fineness of grind for individual 
furnaces, which limits the flexibility of operation. 
Unit pulverizers for each melting furnace in opera- 
tion, with a central unit for annealing furnaces only, 
are considered desirable and economically justifiable. 


Bridge Wall Opening—Even though correctly pro- 
portioned at the start of a week’s furnace operation, 
the size of the bridge wall opening must be checked 
frequently and will usually have to be adjusted oc- 
casionally. There is a tendency to build up a mixture 
of coal ash, bits of slag and fluxed refractory on top 
of the bridge wall, gradually decreasing the area of 
the opening, and the one or two bungs over the 
bridge wall must then be raised slightly by inserting 
a sliver of brick or a “split” under each end of the 
bung. Attention to the size of this opening is im- 
portant to good fuel economy, high operating tem- 
perature, and uniform operation. 


Pressure—The pressure of the gases in an operat- 
ing air furnace may be varied from less than atmos- 
pheric, characterized by no appearance of flame at 
openings and by drawing in of air through these open- 
ings, to well above atmospheric, when considerable 
flame is apparent at all openings. This is accom- 
plished usually by a damper in the base of the stack 
which short-circuits a smaller or greater amount of 
the stack draft. Operation of a furnace under nega- 
tive pressure, or high draft, is unwise, as a consider- 
able volume of air is drawn into the furnace which 
not only disturbs flame distribution but cools down 
the furnace gases and the metal bath. On the other 
hand high pressures inhibit good combustion, and 
make working conditions poor. A preferred pressure 
is one which is only slightly above atmospheric, 
characterized by light brushes of flame especially 
around the slag door. It will be found worth while 
to keep the pressure adjusted by attention to the 
stack damper. Attempts to adjust furnace pressure by 
varying the bridge wall opening are ill-advised un- 
less the opening is of the wrong size, and will upset 
the balance on which good furnace operation de- 
pends. 

Flame Condition—The key to efficient air furnace 
operation is the condition of the flame obtained, and 
its control and characteristics are very important. Un- 
fortunately, it is a difficult subject on which to write, 
since instrumentation is not good and so much de- 
pends on experience and judgment. No attempt will 
be made to go into detail here for lack of time, but 
some points will be discussed. 

Usually the highest flame temperature consistently 
attainable is desired, in order to provide rapid heat- 
ing of the bath, and this is characterized, when look- 
ing up through the furnace over the bridge wall to- 
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ward the burner, through a peep-hole at the base of 
the stack, by a semi-clear, even, slightly rolling flame 
spreading rapidly from the burner and completely 
and evenly filling the furnace. If the slag door is not 
visible, the flame is too “heavy” and low in tempera- 
ture; if the burner end wall can be seen clearly, the 
flame is too “light,” heat input is down, and oxidiz- 
ing conditions probably severe. 

The use of an optical pyrometer, such as the Leeds 
and Northrup, on a blackbody setting, is very use- 
ful, and readings should be taken regularly and en- 
tered on the furnace log. The pyrometer is usually 
sighted through the opened door near the tap hole, 
onto the flame, standing about 10 ft back from the 
furnace wall. Reproducible readings are obtained, 
and although whether they actually represent true 
flame temperature or a combination of flame and far 
side wall temperature is uncertain, it is a fact that 
they correlate very well with flame condition and rate 
of bath heating, and are very useful for control pur- 
poses. Readings of at least 3200 F are necessary for 
satisfactory heating rate, and readings of 3240 to 3260 
F are regularly obtainable with good coal and a well 
operated furnace, and represent rapid heating rates 
and good efficiency. 


Control of Flame Temperature 


Control of flame temperature and appearance is, of 
course, by means of coal feed, fineness of grind, 
amount of secondary air, and furnace pressure. All 
access doors should be kept shut and reasonably well 
fitting, since considerable quantities of heat are lost 
through such a large opening as an open door by ra- 
diation. 

Bath Operation—This includes slag, iron composi- 
tion, and furnace alloying additions. 

It is essential to reasonable efficiency to keep an 
air furnace bath skimmed as completely free of slag 
as possible. This is important, as even a thin layer 
of slag allowed to spread towards the burner end 
will markedly decrease the heating rate of the bath. 
The motion of the flame will drive slag towards the 
skim door near the bridge wall, and slag should be 
skimmed whenever it begins to reach up more than 
one-third to half way to the tap hole. On cold melt 
furnaces, of course, there are considerable amounts of 
slag on melt-down, and on duplexing furnaces the 
bath should be thoroughly skimmed of slag on first 
filling because there is a relatively heavy blanket 
left from the previous day’s run. 

Attempts to control slag composition are made in 
a few shops, by adding lime for thickening and/or 
soda ash for desulphurizing. Since the refractories 
are all acid in character, attempts to make the slag 
more basic usually result in more severe erosion of 
side wall brick at the slag line, and there is some 
doubt as to the net economy. Use of soda ash for de- 
sulphurizing is mildly effective, but metallurgical con- 
ditions (an oxidizing, acid environment) are not con- 
ducive to good efficiency and costs are high. If, how- 
ever, a course or two of basic brick were laid in the 
side wall at the slag line, much more freedom would 
be had in control of slag composition and desul- 
phurizing power. Chrome-magnesite brick must not 
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be used since the carbon in the iron will reduce some 
of the chromium oxides to metallic chromium which 
then enters the bath. 

The composition and temperature of the bath of 
iron in a normally full air furnace varies from the 
surface to the bottom, and the principal objection to 
deep baths, aside from heating rate, is that this varia- 
tion becomes appreciable. The surface layers of iron 
are hotter, for obvious reasons, and the silicon con- 
tent lower and carbon content higher, than those of 
the layers near the bottom. The silicon content of 
an air furnace bath with iron temperature of 2850 to 
2900 F is the net result of loss by oxidation at the 
surface and gain by reduction from the bottom re- 
fractory, in the lower layers. Carbon content of the 
lower layers of iron is lower than average because it 
is the agent which reduces the silica of the refractory 
to silicon and is lost upward through the bath as 
bubbles of carbon monoxide. When the bath is ‘hin 
and/or very hot, as towards the end of draining the 
furnace, increase of silicon content by reduction is 
more rapid than loss and silicon content of the bath 
can increase rapidly. It is a common practice to de- 
crease the silicon content of the last five or six charges 
in the cupola, in order to compensate for a rise in 
bath silicon content near the end of a day’s run, by 
substituting malleable for silvery grade pig iron or 
by decreasing the number of silicon briquets in the 
cupola charge. However, even during the normal 
course of operation, the net silicon loss of iron from 
the cupola to iron at the air furnace spout is fre- 
quently zero due to these factors, and it is not im- 
possible to operate continuously with a net gain in 
silicon content in a duplexing operation. 

When through faulty control or unforeseen occur- 
rences an adjustment of bath composition becomes 
necessary by means of a carbon or alloy addition, 
some care must be used. Additions of carbon, ferro- 
silicon or ferromanganese will cause a mottling effect 
which persists for several minutes after the last alloy 
is dissolved, and iron should not be tapped under 
these conditions. A convenient method of obviating 
this mottling tendency and its potential holding up 
of tapping and pouring iron, is to charge 50 to 100 
lb of light steel scrap before all of the alloy is dis- 
solved. This destroys the increase in mottling ten- 
dency and permits continued tapping. The reason 
for this effect is not known, since the amount of steel 
is small in relation to the amount of iron and the 
change in composition is very small. However, the 
procedure is effective. 

None of the additions for increasing carbon con- 
tent have good or even reasonably uniform recoveries, 
in the writer’s experience. Preferably coarse coal from 
the pulverizer should be used, but this is not a rapid 
method. Of usual additions, petroleum coke is con- 
sidered poorest, with low, very uncertain recovery, 
and some samples of petroleum or pitch coke contain 
as much as 4 per cent sulphur. Ordinary coke is not 
much better in recovery or predictability. Low-vola- 
tile anthracite coal is reasonably satisfactory, but 
crushed carbon electrode scrap has been found the 
most practicable addition for increasing the carbon 
content of the bath rapidly. 


521 


Maintenance 


Pulverizer and Burner—Coal pulverizing machinery 
wears fairly rapidly, and it is essential if control is to 
be maintained over the quality and nature of the pul- 
verized product obtained, to keep the machinery in a 
uniform working condition. It is a serious mistake to 
let all of the beaters wear out and then replace them, 
since then large changes in the pulverized coal will 
be obtained and uniform operation impossible. It 
is much more sensible, and no more expensive, to re- 
place beaters in pairs at such a rate that by the time 
the original pair are reached, they are due for re- 
placement again. The same, of course, applies to 
turning beaters over to wear the opposite face. In 
this way a nearly uniform pulverizing efficiency will 
be obtained, with a reasonably uniform quality of 
output. 

The tramp iron box should be emptied weekly, 
but of course, if a regular beater replacement pro- 
gram is in use, this will be automatic. The annular 
wear plates should be checked occasionally, and re- 
placed when thin. The necessity for periodic re-cali- 
bration of the coal feed screw because of wear has 
already been mentioned. 

Due to the longitudinal expansion and contraction 
of the furnace, burner settings are sometimes dis- 
turbed and any tendency to cut one side wall, or to 
cut the roof or to bounce the flame off the bath, 
should result in an immediate check of the burner. 
Coking on the sides of the burner port can seriously 
deflect the flame, and the burner port should be 
modified until coking is at a minimum. 


Bungs and Side-Walls—It will be found worthwhile 
to pay attention to bung tension or pressure, by ad- 
justing the tension nuts, especially on new bungs. 
In the past there has been experimentation with 
thinner and thicker roofs, but the bung brick at 
present in use seem to present a reasonable compro- 
mise. Thicker roofs, or the use of insulation over a 
roof, results in much more rapid erosion of roof 
brick, a much shorter life, and increased Cost. Thin- 
ner roofs are more difficult to set up properly when 
new, and although heat loss is greater, it must be re- 
membered that a bung nearing the end of its life, 
with the brick only an inch or less thick, seem to last 
a long time, due probably to lower working face 
temperature resulting from more efficient cooling. As 
a matter of fact, it is an indication of a well-operated 
furnace, with uniform flame distribution, when bungs 
remain in use with brick only 1 to 4 in. thick and 
uniform in thickness except for a normal thickening 
towards the more protected ends of the bung. This 
also, of course, indicates uniform brick quality. 

Since the inner or working face of a bung becomes 
much hotter than the outer face, and more especially 
since on first heating up the inner face expands more 
rapidly, there is a severe pinching or compression ef- 
fect on the inner face of the bung brick under these 
conditions, and if the bung brick are a perfect fit for 
the radius involved when the furnace is cold, spall- 
ing of the brick is very likely to occur, with resultant 
shortening of life. It would seem wiser, therefore, to 
use a bung brick made for a radius appreciably great- 
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er than that of the bung, so that when the brick are 
laid up in the bung frame cold their inner faces are 
each \%, to \%» in. apart. This leaves room for ex- 
pansion, and spalling is much less likely to occur. 

It is useful frequently to leave a space or slot in the 
roof just behind the back edge of the bridge wall by 
setting two bungs about | to 2 in. apart. Provided 
the stack draft is adequate, the air drawn in through 
this slot drives the flame downward before it reaches 
the stack, resulting in much decreased erosion of the 
brick at the throat of the stack. The solid material 
carried over the bridge wall with the flame is highly 
erosive to refractories, as can be seen in the follow- 
ing analysis of the deposit in the base of a duplexing 
air furnace stack. 


TABLE 4—STACK DEposIT ANALYSIS 





SiO.,% 42.9 
FeO, % 30.7 
Fe,0,, % 3.6 
Al,O3, % 13.1 
CaO, % 4.7 
S, % 0.05 





Total 95.0 
Remainder unburned combustible matter 
and alkalis. 





On side walls it is a mistake, of course, to thicken 
the side wall refractory in order to decrease heat loss 
since the added brick erodes rapidly due to higher 
face temperature and refractory cost per ton melted 
is appreciably higher. In one specific case, increase 
of sidewall thickness from 1314 in. to 18 in. (the fur- 
nace was a little to broad originally) resulted in an 
increase of nearly 10 per cent in number of side wall 
brick consumed per ton melted. Use of side walls thin- 
ner than 1314 in. may save on brick cost, but not 
many are willing to take the risk of a run-out or col- 
lapsed wall part way through a week’s run. 

Bottoms—Many cold-melt furnaces and all duplex- 
ing air furnaces use brick bottoms, and there has 
been much experimentation with types of brick, meth- 
ods of laying, and contour of bottom, in order to ob- 
tain low refractory cost and to decrease to a mini- 
mum costly and troublesome floating of bottom brick. 
The use of the air-cooled bottom furnace, which pro- 
vides for heat dissipation from below the bottom 
brick, has shown much better results with brick bot- 
toms than has the solid bottom furnace built on a 
firm continuous foundation, and results in a 30 per 
cent saving in bottom brick consumption. This is 
undoubtedly due to lower average temperature in 
the bottom brick and resulting higher strength. 

Much depends on experience acquired by the melt- 
er and brick laying crew on the particular furnace 
being used. Comparison of bottom cost and life be- 
tween plants is frequently misleading, since faulty 
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operation can decrease bottom life, and one plant 
may of necessity be tapping iron 75 F hotter than 
another. Although bottoms are usually replaced in 
sections, since wear is uneven along the length of a 
furnace, laying time of a complete bottom under 
normal conditions may be judged by one practice 
where about 3300 brick are laid in a 7 by 30-ft fur- 
nace by four bricklayers and two helpers in 7 hr ac- 
tual laying time. 

Although the refractories in a duplexing furnace 
may seem to be under more adverse conditions than 
those in a cold melt furnace, actually refractory ma- 
terial cost is lower in a duplexing furnace by about 
$1.70 per ton melted. 


Two Furnaces—Many cupola-air furnace duplexing 
installations use a cupola and one air furnace, and re- 
lining and patching of the air furnace are done over 
the week-end usually at overtime pay rates. If any 
trouble develops, such as a run-out or a floated bot- 
tom, the whole installation and associated molding 
facilities are out of operation for some days. The 
writer made a detailed study some time ago (unpub- 
lished) and showed clearly that the complete cost of 
installing a second air furnace would be paid for out 
of savings in less than two years in an 80-ton per day 
plant. The two furnaces are worked alternately, and 
use the same pulverizer and, of course, the same cu- 
pola. Repairs are done during the week on straight 
time and without hurry, and the repaired furnace is 
ready as a spare in a few days. A further saving is 
made possible by the fact that it is no longer necessary 
to work refractory life in full even weeks. With one 
furnace, it must be more than able to go the full en- 
suing week, or a major re-line is done, wasting pos- 
sibly a half week’s refractory life. With two fur- 
naces, a furnace can be operated to the full life of 
the refractory before repairs. 


Conclusion 


It is not possible in a paper of this kind to de- 
scribe in detail all of the factors involved in air fur- 
nace practice, and in the above only the more im- 
portant points have been touched on. The essential 
thing is to understand the nature of an air furnace 
and its operation, and to appreciate the fact that to 
cbtain uniform, low cost operation a balance of vari- 
ous factors must be obtained and continued under 
intelligent supervision. 
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ARE YOUR COSTS RELIABLE? 


By 


R. T. Lewis* 


You want to know with practical accuracy the cost 
of various casting items. You require this knowledge 
for multiple management uses essential to the most 
successful operation of your foundry. The variations 
between costs of different items should be consistent 
with their basic cost characteristics, the production 
processes employed and the equipment used. Does 
your cost system portray an accurate picture? 

The purpose of this paper is to spotlight some of 
the more common and pertinent discrepancies in- 
herent in costs developed from inadequate and in- 
correct cost systems today. These faults are wide- 
spread enough to exert an adverse effect on the vigor 
and health of the industry in general. See if you can 
identify one or more of these defects in your system. 
If you can and if you take corrective action the pur- 
pose of this paper will be fulfilled and worthwhile. 

This is not intended to be a technical treatise on 
foundry cost accounting. It is intended to interest 
and reach Management in a manner which will aid 
them in demanding and attaining costs in which they 
can have confidence and will provide valuable as:ist- 
ance in reaching most profitable executive decisions. 

If you are a cost accountant you must produce and 
sell this kind of cost to your Management if you wish 
to attain the kind of recognition and amount of com- 
pensation which men of your profession are capable 
of earning. 

The technical information you need is available 
from articles and manuals published and indexed by 
the various foundry trade societies, the American 
Foundrymen’s Society and the National Association 
of Cost Accountants. The Gray Iron Founders’ So- 
ciety has published numerous articles on costing prob- 
lems and a basic cost manual. 

As we €xamine in departmental order these most 
common and important discrepancies as well as their 
effects, keep these questions in mind. Does your cost 
procedure reflect the character of the casting or does 
it, instead, reflect the character of the costing? How 
does this effect your competitive position? How does 
this effect your earning capacity? Are your costs good 
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enough to clarify your problems or poor enough to 
confuse them? 


Melting Department 


The most common, serious cost errors in the Melting 
Dept. evolve from failure of many foundries to set up 
their allocation of the Cost of Metal at the Spout on 
the Yield Basis. What is the Yield Basis? Simply 
stated this is the adjustment from average, of the 
metal charge to a casting on the basis of the pounds 
of melted metal required to pour the casting in ratio 
to the weight of good casting produced. 

The majority of foundries develop the average metal 
cost per pound of good castings produced without 
difficulty and with reasonable accuracy. With but lit- 
tle variation, if any, they use this average cost on all 
casting items or accounts. While they thus succeed 
in allocating Metal Cost at Spout with fair accuracy 
in total, they fail to realize the extent of error in- 
volved as between substantial casting items or ac- 
counts having yields widely varied from the foundry 
average. 

Let us explore the extent of such variations and 
their cost implications. The writer can attest that he 
knows one large consumer’s requirements with an 
average yield of 40 per cent and another with an aver- 
age yield of 75 per cent. A check between various 
castings in the writer’s foundry has revealed that they 
vary from a low of 30 per cent to a high of 85 per 
cent. 

Consider this factual example: A gray iron foundry 
has an average casting yield of 60 per cent. In other 
words it produces 60 lb of good castings for each 100 
Ib of metal poured. Per pound of good cast the aver- 
age metal cost was 2.8 cents and the average melting 
and distribution cost was 1.3 cents, total cost at spout 
4.1 cents. The simple mathematical computation re- 
quired to develop a Yield Table will reveal that the 
at Spout Cost as between a yield of 30 per cent and 
85 per cent will result in a cost variance from a low 
of 3.7 cents to a high in excess of 5 cents. 

Any iron foundry using the Yield Basis will attest 
that on an item to item basis, differences of from 4 
cent to 1 cent per pound will be found frequently. Is 
this significant to your profit and selling position? Do 
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you want and need the truth? 

The only obvious reasons foundries can have for 
neglecting this inadequacy in their costing is: 

1. Fear of the truth. They would like this basis 
when the correct answers are favorable but do not 
have the courage to face the unfavorable situations. 
Of course application of this method to only favor- 
able situations is a sure invitation to severe losses. 

2. Lack of initiative or pure laziness. 

3. Misapprehension as to the cost involved in mak- 
ing the necessary determinations of the yields of indi- 
vidual casting items. 

Why this latter reason should exist we do not know. 
True, starting from scratch, the initial determination 
and recording is no small job. The writer can almost 
guarantee that once you get started on the most im- 
portant items you will not quit until you have com- 
pleted all. After this, the continuation on new or 
revised items will be routine and inexpensive. Even 
the initial cost is a most profitable investment, partic- 
ularly so in view of the expense deduction under 
current high tax rates. 

Alloying 

Adjusting alloy costs on the basis of yield will also 
reveal differences of significant importance. The 
same principles are applied as for the basic melt. If 
the Yield Basis is put into practice for Metal Cost the 
extension of this method to alloying is simple and 
cheap. The only additional factor to consider is 
where alloy scrap is recycled into alloy melt, credit is 
due for such recovery. 

Many foundries quote alloy cost at a separate or 
supplementary price or cost. ‘They do not include this 
cost in the total casting cost and overlook or miss 
their normal mark-up. They are thus not compensated 
for the capital, know-how and hazard inherent in the 
alloying operation. These factors coupled with a yield 
discrepancy frequently result in alloying prices verg- 
ing on the ridiculous and involving substantial losses. 


Molding Department 


The greatest common source of discrepancy in the 
Molding Department Cost Area is the failure by the 
majority of foundries to develop varied overhead rates 
for the different types of molding operations. In con- 
junction with this is the failure to identify to the 
greatest extent possible as Direct Costs the direct 
costs for convenience dumped into overhead accounts 
where they create problems in equitable allocation. 

If you change, expand, modernize, mechanize or 
enter into more complex operations it is essential that 
the costing procedure receive comparable revision if 
you are to derive the benefit due from your progress. 

Are you one of the many foundries using a cost sys- 
tem employing an average overhead rate applied to 
Direct Molding Cost, Direct Molding Hours or simi- 
lar basis? This system may have been adequate when 
your operations were fairly consistent and simple. 
Assuming however, that from bench and floor molding 
you have progressed into squeezer, rollover, crane, 
conveyorized, sand handling and a similar diversity of 
molding operations. If as you advanced into one or 
more of these diversifications you have not discrimin- 
ately altered your basis of overhead application, you 
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are now costing one type of production excessively to 
the benefit of another. Your natural and inevitable 
trend will be to acquire more of the type less favorable 
than they appear and lose out on the types of work 
more favorable than they appear to be. 

Calculations of the differences in average overhead 
rates as compared to varied rates from bench and 
floor to machine floors commonly reveal differences 
readily as much-as 100 per cent of the direct cost 
against which the overhead rate is being applied. Car- 
ried further into comparison with highly mechanized 
operations this discrepancy increases to from 200 per 
cent to 400 per cent and more. These differences will, 
of course, vary considerably between cost systems de- 
pending on to what degree direct costs are identified 
as such. 

The cost discrepancies developed in this depart- 
ment by these failures will exceed in amount those 
already described as critical for the Melting Depart- 
ment. 

It is, of course, a fact that no cost system will pro- 
duce 100 per cent accurate costs. A well developed 
cost system merely produces reasonable accuracy and 
consistency in costs. Considering abnormalities of 
various items such as variations of direct molding costs 
from 1/4 cent to 3 cents per pound as compared to an 
average of | cent, the development of items from a 
jobbing to a production status, from loose work to 
machine production, etc., it becomes evident that the 
exercise of common sense is essential to effective oper- 
ation of even a comprehensive cost system. 

It is the writer’s opinion that if there is any least 
common denominator of foundry operation it is the 
capacity of the foundry to produce. For any pressing 
purpose this production capacity may be expressed in 
tonnage, sales, cost absorption requirements, etc. An 
expedient test to determine the adequacy of the mold- 
ing overhead rate in abnormal situations is to calcu- 
late to what extent the rate being applied would ab- 
sorb the total overhead if the entire capacity or type 
of capacity you have, were devoted to production of 
such abnormal items. It is good insurance particularly 
to thus establish a floor or minimum amount to be 
absorbed for any given unit of capacity. 

The following illustration may illustrate this pro- 
cedure. Suppose a 20-lb casting is being produced at a 
direct cost of 20 cents per mold and an applied over- 
head rate of 200 per cent absorbs 40 cents per mold. 
Assume that by any device the Direct Cost is cut in 
half or in other words the production is doubled for 
the same direct cost. It may be readily observed that 
if the entire capacity were thus changed it would be 
necessary to double the overhead rate to meet the re- 
quired total overhead absorption. Assume further that 
the device accomplishing this change in Direct Cost 
involved added mechanization and the transfer of 
some former Direct Labor operations to an Indirect 
Labor classification. It then becomes apparent that in 
addition to doubling the overhead rate it is necessary 
to further adjust it to absorb the cost of the added 
mechanization and indirect labor. 

Such expedient calculations by your cost account- 
ant pending the establishment of variable overhead 
rates for the different types of molding operations will 
modify cost discrepancies, They will also preclude 
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your getting started on a cost precedent which would 
in effect liquidate your improvements in behalf of 
your customer. 


Core Department 


The same discrepancies exist between different types 
of core production as exist between different types of 
molding production methods. They evolve from the 
widespread failure to establish separate cost centers 
and overhead rates for bench, machine, blower, assem- 
bly, and other types of core production. 

The majority of foundries are still using an average 
overhead rate for the composite of the different types 
of coremaking. Development of different rates for 
each type will reveal great differences from the average. 

By far the greatest discrepancy prevalent in core 
costs develops from the fact that it is common practice 
to include Core Material and Baking Costs in the 
overhead rate. This is done because it is an easy and 
cheap method. Cheap method? It is merely believed 
it is a cheap method. Actually the unrecognized ex- 
pense of this method has driven foundries into finan- 
cial difficulties. 

Irrespective of whether you use an average overhead 
rate or different rates for different types, if you in- 
clude Core Material, Mixing and Baking Costs in your 
overhead rate, see if you can find cores in your found- 
ry showing these common differences: 

1. Bench core, weight 2 lb, direct cost 5 cents. 
Bench core, weight 10 lb, direct cost 5 cents. 
Machine core, weight 30 lb, direct cost 5 cents. 
Machine core, weight 20 lb, direct cost 5 cents. 

. Blower core, weight 5 lb, direct cost 2 cents. 

§. Blower core, weight 1 Ib, direct cost 2 cents. 

Having found a test. list of cores in your coreroom 
with variations comparable to the above, apply your 
overhead rate and list the absorption per item. Pause 
at this point and see if the differences offend your 
sense of reason, particularly if you are using an aver- 
age rate. 

Foundries determining the cost of Baked Core Ma- 
terial find that this cost closely approximates 1 cent 
per lb of the weight of the core at present. It is not 
necessary that you agree with or confirm this figure to 
use it for a simple test of the honesty and consistency 
of your present overhead rate or rates. Take the fore- 
going list of cores you assembled and deduct from 
the amount of overhead you absorbed on each, | cent 
per lb times the weight of the core. Divide the re- 
mainder of your overhead absorption by the Direct 
Core Cost. Note the wide variations in the overhead 
you are actually absorbing instead of the consistent 
allocation you thought you were making. 

In the foundry of the writer one large production 
item has a ratio of Baked Material cost alone to Direct 
Labor Cost of 5 to 1. On this same item the Baked 
Material Cost consists of 3 cents per lb of the casting 
cost. Using an average overhead rate including the 
material, only one-third of this Baked Material Cost 
would be allocated to the casting. This will illustrate 
to what serious proportions this kind of cost dis- 
crepancy can develop. 

The accounting problem of determining the cost 
per pound of Baked Core Material is no more difficult 
than determining the Cost of Metal at the Spout as it 
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is determined in your Melting Department. The ini- 
tial cost of determining and recording the core weight 
per casting is the greatest cost involved in putting this 
core procedure ‘into operation. Again this cost is not 
prohibitive particularly in view of current tax rates. 

The writer will challenge anyone making or who 
has made this costing improvement to state that this 
was not a highly profitable investment. 


Cleaning, Grinding, Finishing, and Shipping Departments 


In this area of foundry costs some of the most uni- 
versal and serious discrepancies exist. These costs, 
both administrative and accounting-wise are the most 
difficult of accurate allocation. This opinion is con- 
firmed by the fact that only a limited number of 
foundries have adopted the cost procedures necessary 
to cost castings with reasonable accuracy for these 
elements. 

A preponderant number use a composite average 
rate per pound or a ratio to Direct Production Cost in 
the allocation of these costs. 

Methods of intelligently determining and obtaining 
moré accurate allocation of these costs cannot be pre- 
sented in this article. Your foundry societies have the 
articles and manuals available describing the possible 
and worthwhile methods. 

Adoption of such improved methods will disclose 
variation commonly in the area of 200 to 300 per cent 
of a composite rate per pound and running from 
minus 50 per cent to plus 500 per cent. 


General Discussion 

At this point those of you who are cost minded or 
have competent cost systems are probably saying, 
“This is all very true, but too elemental to benefit 
me.” It is a fact, however, that these discrepancies 
exist throughout a large segment of the foundry in- 
dustry. You have to contend with ill-advised competi- 
tive pricing resulting from these deficiencies. The 
false purchasing standards and practices which flow 
from such pricing adversely affect you and the entire 
industry. You will be part of a more wholesome and 
healthy industry to the extent you help to bring about 
more intelligent costing. It is the assigned intent of 
this article to create an awareness of these deficiencies 
where they exist and to encourage those with adequate 
cost systems to offer their counsel and assistance to 
those who need help in improving theirs. 

A question in your mind is, “How is it that if so 
large a segment of the industry so deplorably misses 
reasonably true costs, they have stayed in business this 
long?” Some of the reasons may be as follows: 

1. The costing is not erroneous in all of these cost 
areas. 

2. These errors are not always cumulative. In some 
instances the errors are contra or offsetting. 

3. In the usual competent foundry there are a 
number of established accounts whose average re- 
quirements closely approximate the average for the 
foundry operation. 

4. For the large part of the last 15 years consumers 
have been more concerned with having a source of 
supply than with price consideration. 

With the return of highly competitive conditions, 
it is certain that those without good road maps will 
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encounter the roughest roads. 

This is no time to be smug. It is a statistical fact 
that the most long lived and successful foundries are 
cost and costing conscious. It is a further fact that the 
foundries with inadequate and untruthful cost systems 
are consistently high on one group of castings while 
low on another. The foundry business is largely small 
business and therefore largely dependent on retained 
earnings for the investment capital to improve plant 
efficiency and reduce costs. Those foundries of even 
proven foundry ability, with the advent of strictly 
competitive conditions, will steadily lose ground if 
their profitable production is prejudiced by inflated 
cost figures in favor of loss items apparently profitable. 
In turn this will be accelerated by the limitation of 
their source of investment capital, and retarded pro- 
gress in efficiency improvement. 

Up to this point emphasis has been placed on the 
most common and serious deficiencies of the various 
cost areas or departments and cost centers, in cost 
accounting terminology. Likewise, emphasis has been 
placed on the effect of these costing errors on profit, 
prices, competitive position, etc. 

A comprehensive cost system, competently installed 
and administered will in addition furnish the follow- 
ing partially listed valuable management tools: 

1. Cost Control Standards, data and reports. 

2. Cost trend and forecast data. 

3. Break Even charts. 

4. Comparative statements of Actual Cost and Allo- 
cated Cost. This is both a test and fine tuning device 
of costing accuracy. 

5. Comparative statement of Actual Cost and Cost 
at Normal operating rate. 

6. Profit and Loss Analysis, showing: 

(a) Amount of profit or loss due to variation 
from normal operating rate. 

(b) Portion of profit derived from the difference 
in depreciation charges at acquisition cost 
and at sound replacement values. 

(c) Portion of Profit and Loss due to unusual or 
non-recurring income or expense. 

(d) Portion of Profit or Loss due to inventory 
gains or losses. 

(e) Portion of Profit due to overtime operation, 
less the premium cost of overtime operation. 

(f£) Profit or Loss attributable to financial and 
non-operating income or expenses. 


7. Cost, Sales, Profit Statements: 


(a) By customers. 
(b) By classes of work—Core, Non-Core, etc. 


Would such information be of valuable assistance 
to you? You might be surprised at what you actually 
earned on your casting production, if from your ap- 
parent favorable profit for the last few years, you de- 
leted windfall and fictitious profit factors, Your break- 
even point may thus be much higher than you realized 
it was. 
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Cost of Costing 

It may be your opinion that the writer is trying to 
insure full future employment for accountants, o1 
that he is willing to cost everything but the Cost of 
Costing. The writer has frequently harbored the same 
opinion. Cost accounting is not an exact science even 
if pursued, as it can be, to a prohibitively costly de- 
gree. The costing expense like any other business ex- 
pense has to be economically justified and budgeted. 

The writer can attest that a comprehensive and 
adequate costing function, embracing the standards 
outlined in this paper, can and is being done for less 
than | per cent of the Sales Dollar. In fact this is what 
was set years ago as an afforded amount for the cost- 
ing function. This now covers the entire accounting 
function including general, tax and labor accounting. 

In the writer’s opinion, the following principles 
are essential to attaining an economical costing func- 
tion: 

1. The cost system must be well planned and in- 
stalled. It must be co-ordinated with and not overlap 
or duplicate general accounting, timekeeping, order 
keeping, and production recording functions. 

2. The best professional assistance is the least costly. 
It is like the good pattern which is paid for only once 
as compared to the poor pattern which is costly the 
rest of its life. 

3. Your accountant should be a quality product at 
a quality price. He should be thoroughly indoctrin- 
ated in foundry practice. He should participate in 
Cost Groups, National Association of Cost Account- 
ants, etc. Do not put him in the position of a garden 
variety bookkeeper or clerk. 

4. Subscribe to your society sources of past and 
future costing articles and manuals. Job Costing meth- 
ods and Standards Costing methods each have distinct 
advantages in foundry costing. The writer prefers job 
costing for a jobbing foundry operation. Do not over- 
look. Standards Costing methods, however, because in 
this method will be found costing economy devices 
adaptable to minimizing the cost of a job costing 
operation. 

5. Do not inject into your costing function, precise 
balancing, recording and computing requirements 
which are not essential. It is not necessary, for in- 
stance, to charge scrap losses back to every depart- 
ment in which the costs occurred. In practical opera- 
tion, the writer has not found it necessary as text 
books teach, to tie the costing to the general books, for 
either inventory, statement or tax purposes. 

It has been conceded that Cost accounting cannot 
be practically developed to an exact science. This is 
particularly true in the jobbing foundry field where 
an infinite variety of castings are produced. 

It is, however, possible for you to enjoy the fruits 
of a properly improved and instituted cost system, 
eliminating the highlighted discrepancies most com- 
mon and detrimental to your increased success. If, 
hereby, you are moved to or assisted in this profitable 
endeavor, the intent and effort of the writer will be 
rewarded. 











ACID CUPOLA SLAGS AND SOME RELATIONSHIPS WITH 
MELTING CONDITIONS 


By 


Sam Carter* and Ralph Carlson* 


ABSTRACT 

Compositions are reported for 130 acid cupola slags from six 
different cupolas ranging in output from 114 to 40 tons per 
hour, and melting several combinations of charge materials. 
Analytical determinations were made by wet chemical and spec- 
trographic methods. Some effects of slag condition and flux- 
ing practice on cupola operation and iron analysis are discussed, 
and some attempts made to quantitatively account for the 
sources of the slag constituents. Some relationships of slag com- 
position with fluidity measurements are graphed. Some effects on 
slag composition are indicated for the following factors: Cupola 
size, type lining, lining practice, type of coke, amount of coke, 
coke size, charging method, volume of air, size of steel scrap, and 
hot blast. Several experimental heats with unusual combinations 
of special fluxes are described. 


Over a period of several years a number of cupola 
slags have been analyzed in the authors’ plant in an 
effort to better understand the relationships in cup- 
ola melting. These are presented for the benefit of 
any conclusions that might be drawn. 

In basic cupola development, reports have included 
slag analyses, and much emphasis has been placed on 
slag composition. This is natural since the advan- 
tages expected from basic operation depend largely 
upon slag chemistry. 

In the field of acid cupola melting, practically nc 
slag analyses have been reported in the Americar: 
literature. A few acid slag analyses have been re- 
ported from this plant to point out the differences 
between acid and basic slags'. Since no refinement 
was expected from the usual slags with a predomin- 
ance of acid constituents, acid slag composition has 
been of little interest. 

The importance of adequate fluxing and slag elim- 
ination from the cupola has been recognized. The 
proper amount of flux is usually determined by trial 
and error and is generally considered as somewhere 
between the amount of basic flux that would render 
the acid constituents sufficiently fluid for elimination 
and that excess of basic flux that proved very corro- 
sive to the cupola basin and slag-hole refractories. 
However, variations in acid slag composition have 


* Assistant Melting Superintendent and Research Metallur- 
gist, respectively, American Cast Iron Pipe Co., Birmingham, 
Ala. 

*Sam F. Carter, “The Basic Lined Cupola for Iron Melting,” 
A.F.S. TRANsactions, vol. 58 (1950). 
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been found to exert some definite effects on cupola 
operation and resulting metal chemistry, effects often 
as great as factors given more serious consideration. 

Carbon pickup and final carbon content of the 
metal have been found to be affected to some extent 
by slag composition. A viscous slag produces carbons 
as much as 0.15-0.20 pct lower than average. 

On the other hand, acid slags with a relatively high 
proportion of basic constituents have been found to 
produce carbons as much as 0.15 pct higher than nor- 
mal. Just as found in basic cupola practice, the more 
basic the slag the more efficiently the ash is cleaned 
from the coke and the more readily it is available 
for combustion and absorption. 

Slag composition, through its effect on fluidity, can 
influence the general operation of a cupola. A slag 
of low fluidity is more inclined to clog up the inter- 
stitial spaces between small coke, and produce bridg- 
ing and channeling with the usual consequences of 
reduced melting rate and temperature, and excessive 
oxidation of silicon. 

Uneven stack permeability produces high velocity 
air channels which increase silicon loss by oxidation. 
If the flux deficiency is enough to cause serious 
trouble, the cause is more likely to be obvious. How- 
ever, if the flux deficiency is only enough to give 
slightly impaired efficiency, the cause is less often rec- 
ognized and the condition frequently attributed to a 
characteristic of the furnace or the charge materials. 


Small Cupola Slag Control 


On a very small cupola melting a low carbon iron, 
proper slag control has been found very important 
for good consistency. With other materials carefully 
weighed, but limestone added by estimated weight, 
calibrated scoops, etc., undesirable variations were 
frequently experienced. Since installing a small scale 
for accurate weighing of limestone, control has been 
much better. On such a small, low carbon charge, a 
variation of a few pounds of limestone has made a 
significant difference in carbon pickup and general 
operation. With the charge essentially fixed by raw 
material economics, variations in the flux have been 
used to regulate carbon level. 

Another rather small cupola experienced a regular 
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tendency to give lower carbons and reduced melting 
rate in the afternoon. With some “doctoring” with 
special fluxes and extra coke the shift was always 
completed without serious trouble. The drop was 
not very clean and the cupola considerably bridged. 
The amount of flux being used was proportionately 
greater than on some of the larger furnaces, but not 
sufficient for this cupola. The insufficiently fluxed 
slag was gradually built up around the tuyeres and 
the coke clogged up to the point of trouble after a 
few hours. After raising the limestone the “afternoon 
drop” was eliminated and the bridging essentially 
prevented. 

Serious troubles have been experienced occasion- 
ally in larger cupolas from accumulations of a viscous 
insufficiently fluxed slag. With the flux at a minimum 
for clean charges, increased amounts of accumulated 
dirt from damp scrap bins have been included in 
metal charges. With the limestone then inadequate 
the level of the slag of low fluidity built up in the 
basin to tuyere level and the viscous descending slag 
accumulated as a bridge over the tuyeres. 

Under such conditions melting rate and tempera- 
ture were greatly reduced, carbon level dropped and 
silicon oxidation increased. Considerable “‘doctoring” 
has been necessary to bring such cupolas back to sat- 
isfactory melting performance and iron quality with- 
in 2 or 3 hr. These experiences have suggested that 
more emphasis should be placed on the flux. Cupola 


literature does not seem to give sufficient definite di- 


rection on slag control. 

In addition to its effect on cupola operation and 
metal reactions, slag composition can contribute an 
insight into conditions within a cupola. From the 
slag analysis and the known proportion of flux it is 
possible to determine abnormal sources of slag con- 
tribution. The iron oxide content of the slag has 
been found to indicate to some extent the relative 
degree of oxidation within the cupola. This slag FeO 
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content can be related to silicon loss within the same 
cupola. 

The importance of slag study should not be over- 
emphasized. The primary objective is to melt tron to 
a given composition, temperature, and combination 
of physical properties as efficiently as possible. Ob- 
taining a precise slag analysis, color, or fluidity is not 
the primary objective. Slag analysis like gas analyses 
are of value only in so far as they give direction to- 
ward this objective or explanation to the reactions. 

Slags are difficult to analyze. Methods and results 
vary among analysts. Allowance must be made for 
some sampling and analytical errors. Sampling pro- 
cedure is also important as well as sample prepara- 
tion. Samples in this report were collected in a shal- 
low metal spoon inserted under the slag stream. From 
a smoothly-operating front-slagging cupola the slag 
stream seems to be fairly representative. 

Most of the earlier slags in this report were ana- 
lyzed by wet chemical methods! while more of the 
later slags have been analyzed by spectrographic 
methods?. 

Wet chemical methods are more reliable on slags 
of unkown or unusual types, and are the basis for 
spectrographic calibration. However, wet methods of 
slag analyses are long and expensive with many 
chances for human error. 





1 Chemical methods of slag analysis were essentially those out- 
lined by Lundell, Hoffman, and Bright in their book “Chemical 
Analysis of Iron and Steel” with some minor modifications. Total 
sulphur was determined gravimetrically on a fresh sample, pre- 
cipitated as BaSO,. Titanium was determined on a fresh sample 
with a photo-colorimeter. 

*Spectrographic determinations were made by packing the 
pulverized sample into the “centerpost crater” type of electrode 
and sparking with an excitation on the regular range of 2700- 
3400 Angstroms. The mutual standard method of calculation 
was used in which the content of the various oxides were deter- 
mined in relation to SiO, content. Lines of the following wave 
lengths were used—Ca 3006.8, 3159 and 3181; Fe—2767, 2762, 
2756; Mg—3336, 2790, 2782; Al—3082; Mn—2886; and Ti—3088. 


TABLE 1—SomeE TypicaL Acip SLAGS 














Size 
Cupolas, Charge Proportions, % Slag Composition, % Analytical 
Nature of Slag in., ID Steel CI. Pig Coke, Flux SiO, Al,O, FeO MnO CaO MgO Method 
Scrap q 
(1) (2) (3) (4) 

Average fluidity 84 Eq. 13 30 57 9.2 1.9 L’st 45.3 10.3 1.0 3.4 36.3 1.6 (S) 
Average fluidity 84 Eq. HB 33 8 59 7.5 1.9 L’st 47.1 12.1 6.9 4.6 22.0 1.6 (W) 
Average fluidity 84 Eq. 13 31 56 92 1.9 L’st 47.9 12.0 3.6 3.5 29.7 1.9 (W) 
Slightly sluggish slag 84 Eq. 14 25 61 7.9 1.4 L’st 50.7 12.4 5.6 4.7 24.4 1.1 (S) 
Average fluidity 48 HB 22 12 66 12.8 3.0 L’st 46.2 11.0 1.1 1.4 37.2 1.0 (W) 
Viscous slag 48 HB 22 12 66 12.8 22 i'st 52.1 12.4 1.5 1.9 29.2 0.9 (W) 
Very viscous slag, 1 Soda Ash Na,O 

dirty reclaimed scrap 21 Exp. 0 100 0 12 5 Dol. 53.4 12.7 12.7 1.9 9.6 6.3 (W) 3.7 
Very fluid and corrosive 84 Eq. 14 25 61 11 3.5 L’st 39.6 10.1 3.8 2.9 38.8 2.9 (W) 
Very fluid and corrosive 84 Eq. 15 25 60 11.5 4.5 L’st 38.3 12.1 3.1 2.8 36.7 3.4 (W) 
Overblown Cupola 

(490 cfm/sq ft) 21 Exp. 50 50 14.0 5.0 L’st 45.6 18.3 16.1 2.8 15.4 1.0 (S) 
50% Cans 21 Exp. 50 50 14 8.0 L’st 40.4 5.1 44.4 2.1 pe 0.5 (S) 
From tuyere of 

bridged cupola 72 35 8 57 12 2.5 L’st 36.8 4.7 40.7 2.6 $.7 1.8 (S) 


1) HB indicates hot blast at 450 F. 


Eq. indicates a link shaped 72 x 99-in. cupola equivalent in area to an 84-in. cupola. 


Exp. indicates experimental cupola. 


2) TiO, presumably present in all slags from 0.7 to 1.5% but determined in only a few. 


3) FeO represents total Fe as FeO. 


4) (S) indicates spectrographic analysis, (W) conventional wet analysis. 
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TABLE 2—COKE PROPERTIES AND ASH ANALYSES 











Foundry Ash, Volatile, Sulfur, Softening 
Regular Ash Ash Analy sis, % 

Cokes % % % Temp.,F ‘SiO, TiO, Al.O,; Fe; MnO CaO MgO 
A-l 9.18 0.70 0.70 53.3 $2.3 9.3 0.02 1.6 2.6 
A-2 9.51 0.90 0.73 2631 54.8 1.5 29.7 7.0 0.15 1.2 92 
A-3 9.38 0.86 0.71 2587 51.4 $1.7 9.3 0.02 3.8 2.0 
E-1 9.92 0.88 0.83 2645 51.2 1.5 33.5 6.9 0.05 2.8 1.9 
E-2 7.69 0.98 0.74 2658 50.9 34.4 8.1 0.02 0.5 2.1 
S 8.47 1.03 0.75 2782 48.3 36.0 9.9 0.04 1.8 
M* 12.94 1.00 0.82 2497 51.8 $2.5 7.6 0.03 1.4 3.0 


* Malleable (low carbon) coke. 





Spectrographic determinations are much simpler 
and relatively inexpensive; several slags can be ana- 
lyzed and calculated within an hour after preparation. 
The spectrograph determines relative concentrations 
with good precision, but the true accuracy of the ex- 
act. percentage depends largely on the accuracy and 
range of chemically determined standards used for 
calibration. 

The mutual standard method of calculation has 
some limitations. Since the calculation is based on a 
total of 100 pct, accuracy can be impaired if some 
unrecognized constituent is present in any signifi- 
cant concentration. If much of a given element is 
present as some other compound or some other oxide 
of the element than that represented in the standards, 
then crystalline history may be affected and some 
inaccuracy caused. It is expected that improved meth- 
ods and better standards will make spectrographic 
slag more accurate and more useful, and there facili- 
tate the study of slag metal relations. 


Some Typical Acid Slags 


In Table 1 the first five slags are typical of com- 
positions of normal cupola slags. The silica contents 
range from 42-50 pct, alumina contents range from 
10-18 pct, total iron oxide as FeO generally 1-8 pct, 
manganese oxide 1-5 pct, and CaO+MgO 25-40 pct. 
Molecular proportions may be compared to weight 
proportions on a typical composition like (Slag No. 
1, Table 1): 


SiO, TiO, Al,O,; FeOQ MnO CaO MgO 








Wt, % 43 10 103 19 34 363 16 
Molar, % 4.0 08 67 16 29 396 24 


a 


Slag No. 4 was slightly sluggish from lower than 
average fluidity. SiO, content was 50.7 pct. Slags 
Nos. 6 and 7 in Table 1 lacked sufficient fluidity for 
smooth front slagging and clean cupola operation, 
one because of insufficient basic flux, and the other 
because of excessive sources of slag from a very dirty 
charge of 100 pct scrap reclaimed from a sand dump. 
Slags with insufficent fluidity have usually contained 
over 50 pct SiO». 

The next two slags (Nos. 8 and 9) were more fluid 
than usual—a result of SiO, contents under 40 pct 
and relatively high lime to SiO, ratio. The 314 and 
41% pct quantities of limestone were much higher 
than necessary for the charge melted. The ratios of 
CaO+Mg0O/SiO, were actually 1.04 and 1.05, which 
are in a composition range that might be considered 
slightly basic. Furnace performance was very good. 
Carbons averaged 0.10 to 0.15 pct higher than usual. 


The acid refractories in the basin of the cupola 
and the slag trough were very deeply corroded by 
the relatively high basicity; and the tap hole was 
enlarged enough to cause the breast to blow before 
the end of two shifts. In all probability these slags 
had been more basic in the cupola before consum- 
ing some acid refractories from the basin, breast, and 
trough. 

The last three slags (Table 1) had unusually high 
FeO contents, indicative of excessive oxidation, high 
silicon losses and high iron losses. In No. 10 a 16.1 
pct FeO was obtained because of excessive air vol- 
ume on an experimental cupola in studying results 
of overblowing. Slag No. 11 came from a charge 
with 50 pct cans. Excessive oxidation from the very 
thin steel produced a slag with 44.4 pct FeO. The 
very low CaO content of 7.1 pct in spite of an 8 pct 
limestone addition indicates the very large volume of 
slag produced from very severe lining attack and a 
very high silicon loss of 35.4 pct. 

The last slag shows a similar very high FeO con- 
tent and very low CaO content. This slag sample was 
removed several years ago from a tuyere of a badly 
bridged cupola. 


Analysis of Sources of Slag 


One major source of cupola slag is the ash of the 
coke. Table 2 contains coke properties, ash content, 
and ash analyses for seven typical cokes selected from 
a number we have analyzed. 

Silica is the predominant constituent in all the coke 
ashes ranging roughly from 50 to 55 pct by weight. 
Alumina contents generally range from 30 to 35 pct 
and iron oxide contents 6 to 10 pct. Calcium, mag- 
nesium, manganese, and titanium oxides are present 
in small percentages in the coke ashes from the Birm- 
ingham district. With the SiO, and Al,O, contents 
totaling about 85 pct, the coke ash is obviously al- 
most entirely acid in its contribution to the slag. 

Another source of slag nearly as great and fre- 
quently greater is the refractory lining that is con- 
sumed or fluxed away during the day’s melt. Lining 
consumption is frequently referred to as one of the 
incidental minor sources of slag and generally has 
not been given proper consideration in flux calcula- 
tions. With the exception of our largest cupola (72 
<99-in. I.D. link shaped equivalent to 84-in. I.D.) 
operated for 16 to 18 hr, lining consumption makes 
the largest single contribution to the slag in all the 
several cupolas we operate. 

As the cupola size increases and/or heat time be- 
comes longer, lining consumption decreases and 
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TABLE 3—-THEORETICAL CALCULATIONS OF SLAG 
SOURCES AND FINAL ComposiTION, 48-IN. CUPOLA 
(Charge, 25% steel; 20% return; 55% pig) 
Total Slag 
Material Slag Constituents/100 lb Metal, Ib 
1b/100 SiO, Al,O; FEO MnO CaO MgO 











Lining consumption, 
114% of melt (L-1)* 1.50 0.95 0.36 0.03 0.03 
Coke ash, 1214% coke. 


9.2% ash (A-1)* 1.15 0.60 0.37 0.10 0.018 0.03 
Si loss—10% of 2.20 Si .47 0.47 
Dirt and sand on scrap .10 0.10 
Oxidation of iron ? ? 
Mn loss—10% of 0.70Mn_ .09 0.09 
3% limestone** 1.50 1.50 


4.81 2.12 0.73 0.13 0.09 1.52 0.06 
Calculated Slag Analysis, % 442 15 2.7 19 31.7 1.2 
Actual Analysis of Slag, % 43.2 16.1 3.2 18 308 1.4 
* Numbers in parenthesis indicate the refractory in Table 4 
and the coke in Table 2. 
**In calculating CaO from limestone some allowance was 
made for impurities, fines, and moisture usually present as used. 














TABLE 4—ANALYSIS OF SOME TYPICAL CLAY 
REFRACTORIES 

Igni- 

Refrac- Refractory Composition, % tion 

tory SiO, TiO, Al,O, Fe,O0, CaO MgO Na,O Loss 
Clay-Brick 

L-l 62.1 32.6 1.7 1.2 1.4 jl 

L-2 59.3 34.8 1.4 2.1 1.6 .03 


K-1 60.5 2.2 $2.1 2.9 0.0 1.3 2.3 13 
K-2 58.6 2.0 31.9 3.2 0.0 1.3 2.4 .28 
Canister-Clay 


Gun Mixes 
H 62.8 1.0 24.0 2.3 0.0 1.9 0.6 7.8 
Cc 73.1 0.8 15.8 2.3 0.0 1.8 1.5 5.2 





makes less contribution to the slag relative to other 
sources of slag material. In all our cupolas operated 
less than two shifts and under 48-in. I.D. the refrac- 
tory consumption is generally equal to all the other 
sources of slag. This effect of lining consumption on 
slag composition and the effect of slag composition on 
metal chemistry largely account for the effectiveness 
of basic cupola operation. Installing a basic lining 
and simply changing this consumed refractory from 
acid material to basic material has in most cases 
been sufficient to change the slag from one of acid 
analysis to a slag with the basic constituents pre- 
dominant. 

A third inevitable source of some slag material is 
the oxidation products of Si, Mn, and iron. From Si 
lost in melting the acid silica formed can be calcu- 
lated fairly accurately. In like manner the basic MnO 
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comes from the Mn oxidized from the metal. Iron 
oxide is more difficult to calculate. Some iron oxides 
enter the cupola in the coke ash, a little in the re 
fractories, and a considerable amount as rust on the 
metal. Some of this iron oxide may be ultimately) 
reduced by the stronger deoxidizers, Si and Mn. 

In the reducing zones of the cupola it seems likely 
that some of the iron oxide is reduced to iron by the 
coke. In the oxidizing zones of the cupola some iron 
oxide is formed. The final FeO content of the slag 
depends largely on the net effect of these competing 
reactions. Under more reducing conditions the FeO 
content! of the slag might be reduced below that 
content actually obtained from the coke ash. How- 
ever, the normally efficient cupola is slightly more 
oxidizing, and the FeO content of the slag is 1 to 4 
pct beyond that which can be accounted for from 
the coke ash and refractories. Extremely oxidizing 
conditions from any of several bad cupola conditions 
have produced iron oxide contents much higher and 
in some cases as high as 20 to 40 pct. 


Dirt on Scrap a Source of Slag 


One unintentional source of slag is dirt and sand 
on scrap. Under favorable conditions of dry weather, 
cleaned foundry return, and high proportions of pig 
iron, this source of slag is negligible. However, with 
the use of much purchased scrap, the use of uncleaned 
foundry return with adhering sand, this source of slag 
can be significant. 

Such extraneous sources of dirt may be quite vari- 
able and difficult to compensate for. In damp weath- 
er more of the dirt adheres to the scrap and is carried 
into the cupola than in dry weather. As storage bins 
become low, more of the accumulated dirt contain- 
ing sufficient iron oxide is attracted to make-up mag- 
nets. Abrupt changes in extraneous dirt from scrap 
have caused more slag trouble in our plant than any 
one factor. 

The intentional source of slag is the neutralizing 
flux (usually limestone) deliberately added to pro- 
vide sufficient basicity to counteract the acids from 
the inadvertent sources and provide sufficient slag 
fluidity for clean cupola performance and conveni- 
ent slag elimination. 

Some theoretical calculations of slag composition 
for a rather typical 48-in. cupola are shown in Table 
3. From the analysis and amount of the cupola patch 
material, the amount and analysis of coke ash, and 
the other sources of slag, the proportions of the vari- 


FeO contents represent total iron in all iron oxide forms 
converted to FeO. 


TABLE 5—EFFECT OF CUPOLA AND LINING CONSUMPTION 





Melt Consumption 


Slag Composition, % 





In. Diam. Rate _ of Lining, 

Cupolas T/Hour % of Melt(1) Flux,% ‘Coke, % Steel, % SiO, AlO, FeO MnO CaO MgO Ss 
84 Eq 40 \% 1.9 9.0 13 47.9 12.0 3.6 3.5 29.6 1.9 0.21 
48 12 1% 3.5 12% 20 43.2 16.1 3.2 1.8 30.8 1.4 0.09 
36 5 3 5.5 18 25 42.7 19.0 3.6 1.6 26.8 22 0.20 
24* 1% 6 7.0 20.0 60 45.0 17.5 2.9 1.6 30.4 1.6 

8.0 24 67 42.4 13.5 2.8 3.5 34.7 1.6 0.28 
21 Exp 1 5.0 14 50 46.5 21.1 42 1.0 24.2 2.6 0.11 


* High silicon, low carbon iron. 


(1) Lining consumption is weight of material required to patch to original dimensions with estimated allowance for chipping out. 


Expressed as per cent of day’s melt. 














5. CARTER AND R. CARLSON 


ous constituents were determined. The theoretically 
calculated slag composition compared rather closely 
with the actual slag analysis, almost within the lim- 
its of sampling and analytical methods. The total 
quantity of slag for this furnace was calculated to 
be 4.8 pct of the metal melted. 


Effect of Cupola Size and Lining Consumption 


The effects of cupola size on refractory consump- 
tion and necessary flux, as experienced in our plant, 
are shown in Table 5. On heat No. | the lining con- 
sumption from the cupola equivalent to 84-in. I.D. 
and operated for 18 hr was hardly 0.5 pct of the 
melt. With only 9 pct coke and a reasonably clean 
charge only 1.9 pct flux was necessary for a reason- 
ably fluid slag. 

On heat No. 2 on the 48-in. cupola operated for 11 
hr the refractory consumption was 1.5 pct of the melt 
or three times that of the larger cupola. This differ- 
ence in lining consumption would require | pct more 
limestone to flux; the higher proportion of coke and 
slightly higher silicon consumption obviously require 
some further limestone increase. A 314 pct limestone 
addition to this furnace produced a slag very similar 
to that resulting from 1.9 pct limestone in the larger 
cupola. 

On the still smaller 36-in. cupola the lining con- 
sumption increased to 3 pct and limestone flux found 
necessary was 5.5 pct of the metal charge. The re- 
sulting slag is very similar to the slags above it in 
Table 5 with much less flux. 

On the 24-in. cupola the high steel charge and high 
silicon content produce some increase in slag volume 
irrespective of size. The lining consumption con- 
tinued to increase to 6 pct; and the necessary lime- 
stone flux to obtain equal slag chemistry and fluidity 
increased to 7 to 8 pct. 

These differences indicate the importance of con- 
sidering cupola size in comparing experiences on vari- 
ous cupolas and the necessity of considering refrac- 
tory consumption in establishing the correct amount 
of flux. 

Theoretical calculations of slag composition of 
the two extremes, the 84-in. and the 24-in. cupolas, 
are shown in Tables 6 and 7. These calculations show 
readily why the large furnace has been operated with 
as little-as 1.4 pct limestone, while the 24-in. cupola 
has required as much as 8 pct limestone to yield a 
similar slag. Compared to the large furnace, the small 
cupola with its characteristic mix produces 12 times 
as much slag from the lining, 3 times as much from 
the coke ash, and 4 times as much from silicon oxi- 
dation. The slag to metal ratio was 13.8 pct com- 
pared to 21% pct on the large cupola. 

Within. the same size cupola, lining contribution to 
the slag can be affected by refractory quality and care 
of application. Erratic lining technique obviously 
can affect the slag condition. 


Effect of Lining Practice and Types of Coke— 
24-In. Cupola 


Variations in lining practice and types of coke on 
the 24-in. cupola previously described have provided 
some experience in adjusting flux to maintain uni- 
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TABLE 6—THEORETICAL CALCULATIONS OF SLAG Com- 
POSITION—84-IN. CUPOLA 
(18-hr heats—13% steel, 31% scrap, 7.8% coke, 1.4% limestone) 





“Total Wt. 
of slag, Lb of Slag Constituents/100 lb Metal 


1b/100 SiO, TiO, Al,O, FEO MnO CaO MgO 





Lining consumption, 
1% (C)* 0.50 0.36 0.04 0.079 0.010 0.009 
Coke ash, 7.8% coke 


9.2% ash (A-1)* 0.72 0.38 0.23 0.060 0.012 0.019 
Si loss, 10% of 
1.50%, Si 0.32 0.32 
Dirt on charge, 
approx. 0.10 0.10 ? 
Iron oxidation ? ? 
Mn loss, 15% of 
0.60% Mn 0.12 0.12 
1.4%, Limestone 0.70 0.70 


2.46 1.16 0.04 0.31 0.07 0.12 0.71 0.028 
Calculated Composi- 
tion, % 474 16 126 284 49 288 Ll 
Actual Analysis, % 51.0 14 133 55 48 23.0 IL. 
* Letters in parenthesis indicate refractory in Table 4 and 
coke in Table 2. 





TABLE 7—THEORETICAL CALCULATIONS OF SLAG Com- 


POSITION—24-IN. CUPOLA 
(10-hr heat—60% steel; 24% coke; 8% limestone) 








Total Wt. 
of Slag, Lb of Slag Constituents/100 lb Metal 
1b/100 SiO, Al,O; FEO MnO CaO MgO 





Lining consumption, 
6% (L-1)* 6.00 3.72 1.96 0.09 0.07 
Coke ash, 24% coke, 


9.2% ash (A-l)* 2.20 1.13 0.71 0.18 0.035 0.057 
Si loss, 16% of 3.60% 1.29 1.29 
Dirt on scrap, approx. 0.10 0.10 ? 
Iron oxidation ? ? 
Mn loss, 15% of 0.90% 0.18 0.18 
8% Limestone 4.00 4.00 


13.77 6.24 2.67 0.27 0.18 4.03 0.13 
Calculated composition, % 45 194 194 13 29 l 
Actual Analysis, % 47.7 14.1 30 15 280 1.4 
* Letters in parenthesis indicate refractory in Table 4 and 
coke in Table 2. 





form slag condition and smooth cupola performance. 
This mix is our most difficult to control and very 
dependent on proper fluxing. The high silicon charge 
is unusually sensitive to oxidation losses, and the low 
carbon charge is more dependent than usual on car- 
bon pickup. The small diameter cupola can be 
quickly clogged up if insufficiently fluxed. Some of 
these variations are illustrated in Table 8. 

In the first mix the coke used was a high-ash coke 
made intentionally for low carbon pickup. This coke 
was purchased for a larger installation to meet a 
temporary raw material emergency and was not as 
suitable on this application where it is economically 
desirable to use the maximum amount of steel. Some 
trouble was encountered before adjusting the practice 
to this coke. By increasing the flux to 9 to 10 pct 
limestone with | pct fluorspar the carbon was raised 
to the desired level. 

On the next mix regular foundry coke was used. 
The 9-in. lining was maintained with clay brick. Lin- 
ing attack was very severe from this high steel mix. 
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TABLE 8—EFFECT OF TYPES OF COKE AND LINING PRAcTICE—23-IN.-32-IN. PRODUCTION CUPOLA 
Charge, 60-70% Steel; 5-15% Return; Balance Silicon Pig. Length of Heat—8 to 12 hr. 











Lining “a 

Consumption, % Ash % % ; Slag Composition, % 

Type Lining Type Coke % of Melt inCoke Coke Flux SiO, TiO, Al,OQ,; FeQ MnO CaO MgO S 
Convent. Clay Brick High Ash 6.5 13 27 9 Lst—l1% Sp 48.4 16.1 26 28 262 1. 0.227 
Lst—1% Sp 45.0 156 $86 $5 285 15 0.25: 
Convent. Clay Brick Regular 6.0 914 24 = 8 Lst 42.4 835 28 35 “47 16 0.28: 
6.0 914 24 «7 Lst 443 03 122 83 39 3810 1.6 0.18 

Water Cooled (1) Regular 3.0 94 20 5.2 Lst 43 06 155 26 18 358 1.4 (S 
3.0 914 20 85.2 Lst 462 07 156 24 35 82 16 (S) 
Graphite W.C. (1) Regular <\% 914 20 1.7 Lst 488 06 106 89 24 254 3.4 (S) 





(1) With water cooling and graphite lining, lining thickness reduced 414 in. and ID increased 9 in. to 32 in. 





Lining consumption was estimated to be 6 pct of 
the metal melted. The flux on this regular mix was 
7-8 pct limestone. The resulting slags are typical 
acid compositions. 

Three years ago this cupola was water cooled by 
external sprays. The resulting mix is shown next in 
Table 8. Water cooling reduced the lining consump- 
tion to half or 3 pct of the metal melt. This made 
it possible to cut the limestone to 5.2 pct and still 
obtain a comparable slag composition, and also made 
possible a slight reduction in coke. 

The last mix shows the results from an experi- 
mental graphite lining tried about 2 years ago. This 
lining made practically no contribution to the slag. 
To prevent the slag from being decidedly basic and 
carbon too high the limestone was reduced to 1.7 pct. 

The resulting slag analysis was 48.8 pct SiO», 10.6 
pet Al,O3, 8.9 pct FeO, 25.4 pct CaO, and 3.4 pct 
MgO. The FeO content is higher than normal. This 
might be attributed to a normal amount of iron ox- 
ide but a total slag volume reduced to less than one 
third. 


Some Effects of Charging Method and Coke Ratio— 
84-In. Cupolas 


Table 9 shows some slag compositions obtained 
over a period of 6 years on a large cupola. The first 
five slags were from old style side-dump charging. 


On the first mix shown, dolomite was used as flux, 
producing a slag containing 18.2 pct CaO and 12.3 
pct MgO, with the total 30.5 pct comparable to heats 
using limestone. With slags of this type little or no 
significant difference has been apparent between the 
use of dolomite and limestone. On this first heat the 
60 pct scrap required a higher than usual flux of 3 
pet. The higher scrap and coke of poorer quality re- 
quired the highest percentage of coke, 1214 pct. 

The next four heats with 214 pct dolomite or lime- 
stone and 1] to 1114 pct coke produced slags rang- 
ing from 41.9 to 45.9 pct SiO,, 4.8 to 8.3 pct FeO, 
and 23 to 32.3 pct CaO+MgoO. 

The next group of heats (Nos. 6-10) were run after 
installing cone bottom bucket charging. The most 
apparent difference is the lower FeO content of the 
slags in spite of some reduction in coke. Slags Nos. 6 
and 7 ran only 2.4 and 2.8 pct FeO with 10 pct coke 
compared to slag FeO contents ranging from 4.8 to 
8.3 pct with 11 to 1214 pct coke. This reduction in 
oxidation is obviously made possible by more uni- 
form charging, and more favorable distribution of 
stack permeability. 

On heats Nos. 8 and 9, 9 pct coke and 1.9 pct lime- 
stone ran very good, slag FeO was slightly higher than 
with 10 pct coke. On heat No. 10 the 7.8 pct coke 
oroved adequate to produce a 2600 F iron, and 1.4 
pct limestone was found sufficient when the scrap 


TABLE 9—EFFECT OF CHARGING AND COKE RATIO—84-IN. PRODUCTION CUPOLAS 








Flux, Coke, Steel, Pig, C.I. Scrap, ____ Slag Composition, 7% mo 
% % % % % SiO, Al,O, FeOQ MnO CaO Ss: MgO iz 
Side Dump Charging 250 F Hot Blast 
1. 3.0 Dol 12144 10 30 60 43.9 16.7 4.8 4.0 18.2 12.3 
= 2.5 Dol 11 15 60 25 45.9 13.5 8.3 5.3 14.3 8.6 
3. 2.5 Lst 114% 15 60 25 43.5 16.2 4.8 1.8 29.2 1.3 0.230 
4. 2.5 Lst 11% 15 60 25 44.8 12.4 55 2.3 27.0 1.3 0.218 
5. 2.5 Lst 114% 15 60 25 41.9 11.6 4.9 1.7 31.0 1.3 0.337 
Cone Bottom Bucket Charging Cold Blast 
6. 3.0 10 13 56 31 44.9 13.5 2.4 2.1 33.0 2.0 0.40 
. i 2.1 10 13 56 31 49.0 13.0 2.8 2.8 30.1 2.1 0.25 
8. 1.9 9 13 56 31 47.9 12.0 3.6 3.5 29.6 1.9 0.21 
9. 1.9 9 13 56 31 48.4 11.7 5.5 3.9 28.1 1.8 0.21 
10. 1.4 7.8 14 61 25 51.0 13.3 5.5 4.8 23.0 1.1 
Cone Bottom Bucket Charging 450 F Hot Blast 
11. 3.0 9.1 27 65 8 45.1 14.4 2.1 1.7 32.4 2.2 0.25 
ad » Se 9.1 27 65 8 47.8 16.4 $.1 2.4 28.7 2.0 0.25 
13. 1.0 8.3 33 59 8 52.2 13.4 3.2 4.1 25.6 1.7 0.08 
14. 15 7.5 33 59 8 47.1 12.1 7.0 4.6 22.0 1.6 0.14 
15. 1.5 7.5 33 59 8 50.9 11.1 4.8 4.2 26.7 1.8 0.22 


(All analyses by wet chemical methods) 
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TaBLe 10—Errect or Hort BLAst 








Age of Slag Composition, % 
Heat, hr Coke,%  Flux,% “SiO, ‘TiO, Al,O, FeO MnO CaO MgO S 
48-in. Cupola—20% Steel (1) 
Cold Blast ] 14 4 Lst 42.8 16.4 $3.38 1.8 31.4 1.8 0.15 
5 42.2 17.3 3.1 i 32.0 1.8 0.10 
9 43.7 17.1 2.8 1.3 31.6 1.9 0.10 
Cold Blast | 14 4 Lst 42.2 17.8 2.4 1.3 $2.5 1.9 0.14 
5 45.1 15.2 4.2 2.4 30.5 1.2 0.09 
9 43.2 16.1 3.2 1.8 30.8 1.4 0.09 
Hot Blast 450F 1 1214 4 Lst 41.5 16.8 1.9 2.2 32.9 1.4 0.16 
5 39.2 17.1 1.1 1.8 33.0 1.8 0.14 
9 41.4 17.9 1.1 1.1 38.1 1.4 0.17 
Hot Blast 450F 1 121% 4 Lst 41.4 17.9 1.1 1.1 $4.1 12 0.18 
5 43.2 15.0 1.0 1.6 34.0 1.6 0.19 
9 39.5 15.8 0.9 1.6 40.2 1.6 0.26 
84-in. Eq. Cupola—13% Steel; 31% Scrap; 56% Pig 
Cold Blast 3 9.2 1.9 Lst 48.7 1.2 9.7 6.1 3.6 29.7 1.1 
7 92 1.9 Lst 50.6 1.2 10.1 4.6 $.7 28.8 1.0 
Hot Blast450F 9 9.2 1.9 Lst 48.0 1.1 10.6 1.2 2.8 35.5 0.9 
12 9.2 1.9 Lst 49.3 1.2 14.3 1.8 3.3 29.0 1.0 
15% 9.2 1.9 Lst 47.0 1.3 15.1 3.8 4.9 26.8 0.9 
Cold Blast 3 9.2 1.9 Lst 52.1 1.3 11.1 4.5 4.5 25.8 0.9 
7 9.2 1.9 Lst 49.3 1.3 13.3 1.4 2.9 30.8 1.0 
Hot Blast450F 9 7.5 1.9 Lst 46.9 1.2 12.0 3.5 3.9 31.5 1.0 
12 7.5 1.9 Lst 46.1 1.2 10.5 3.6 3.7 34.1 0.9 
15% 7.5 1.9 Lst 51.5 1.2 11.6 3.9 4.1 26.8 1.0 


(1) TiO, presumably present in all slags from 0.7 to 1.5. Determined only where indicated. 





was reasonably free of dirt. However, the resulting 
slag with 51 pct SiO, showed a fluidity slightly be- 
low average that could cause trouble if some unex- 
pected source of acid contamination should occur. 
Further reductions in coke produced excessive oxida- 
tion which was more costly than the coke saved. 

The last five heats were charged from the same 
cone bottom buckets, but contained higher propor- 
tions of steel and were blown with preheated air (450 
F). Heats 11, 12, and 13 with 8.3 to 9.1 pct coke 
produced slag FeO contents of 2.1 to 3.2 pct, which 
is rather low for such a nigh steel charge and low 
proportion of coke. 

On heat No. 11 with 3 pct limestone the slag was 
very fluid. SiO, content was 45.1 pct and ae 
was 0.76. Corrosion of the tap hole and slag trough 
was above average. 

On heat No. 12 with limestone reduced to 2.1 pct 
the slag had moderate fluidity. SiO. was raised to 
CaO+MgO 

SiO, 
of the tap hole and trough was reduced. 

On heat No. 13 with the limestone reduced further 
to 1.9 pct, fluidity was reduced but was still adequate. 
SiO, increased still more to 52.2 pct and Lt 


47.8 pct and reduced to 0.64. Corrosion 


was decreased further to 0.52. 

Heats Nos. 14 and 15, with coke reduced to 7.5 
pct (1314:1 metal to coke ratio), produced slags much 
higher in FeO, 4.8 pct and 7.0 pct, indicative of great- 
er oxidation. Cupola performance was good at this 
and lower coke proportions, but the increased oxida- 
tion became economically inadvisable and metallurg- 
ical control more difficult. The FeO content of the 
slag has proved a fairly useful indication of over-all 
oxidation. 

Table 10 shows some slags from two different cu- 


polas comparing results from blast preheated to 450 
F with slags from air at atmospheric temperature. 

On the 48-in. cupola with cold blast, slag FeO con- 
tents ranged from 2.4 to 4.2 pct. With the blast 
heated to 450 F, slag FeO contents were reduced to 
0.9 to 1.9 pct in spite of some reduction in coke. 
Slags from the hot blast contained slightly more sul- 
fur, accounting for a small decrease in the sulfur con- 
tent of the iron. 

On the 84-in. cupola the slags were not as consist- 
ent and the change was not as distinctive as the pre- 
vious example. The effect of preheated blast has not 
been found to be as great on larger diameter cupolas 
with a lower ratio of circumference to cross-sectional 
area. However, a fairly definite decrease in slag FeO 
was experienced after turning on the air heater to 
450 F and holding the coke constant. 

In the last group the coke proportion was re- 
duced from 9.2 to 7.5 pct with the change to pre- 
heated air. Little change in slag FeO was experi- 
enced. The hot blast apparently counteracted the 
normal tendency for slag FeO to increase with de- 
creases in coke. 

From these data it appears that preheated blast 
lowers slag FeO, indicative of decreased oxidation, 
or permits coke reductions for the same slag FeO 
and degree of oxidation. 


Experimental Heats With Various Fluxes 


A number of heats have been run in a 21-in. ex- 
perimental cupola with various flux combinations to 
study the effect of slag composition on cupola opera- 
tion, the effect of fluxing on carbon pickup, and the 
possibility of some desulfurizing within acid lined 
cupolas. Heat results are shown in Table 11. 

A 70 pct steel mix was chosen because of its sensi- 
tivity to carbon and sulfur pickup. All these slags 
were inclined to run 6.9 to 12.4 pct FeO. The high 
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TABLE 1]—-EFFECT OF VARIOUS FLUXES AND SPECIAL ADDITIONS 
2l-in. Experimental Cupola—70% Steel; 30% Pig Iron; 14% Coke; Lining, Clay Brick 
Special Sin Slag Slag Composition, % 
Flux, % Additions, % Metal, % Fluid., in SiO, TiO, Al,O, Fe,O, FeO MnO CaO MgO S 
3 Limestone 4 Graphite 0.127 \% 49.4 1.0 23.4 0.9 79 2.4 10.5 15 0.066 
3 Limestone 4 SiC 0.144 \% 46.7 1.2 21.4 0.9 8.0 4.1 12.7 1.1 0.050 
3 Limestone 4 Sp. briq. 0.128 \, 50.5 1.0 22.2 1.0 6.9 3.0 11.9 1.4 0.108 
6 Limestone 0 0.109 2 42.5 1.0 18.2 1.1 7.5 2.2 20.9 1.0 0.063 
8 Limestone 0 0.104 8 41.8 ° 17.5 ee 8.3 1.9 25.6 1.3 0.108 
Na,O 
3 Lst, 2 Soda Ash 0 0.126 ¥, 50.4 . 19.0 ** 612.4 2.0 10.0 1.6 0.055 39 
3 Lst, 2 Soda Ash 0 0.108 ly, 46.3 ° 18.6 oe 63 26 2038 10 ~—0.071 ite 
Vi 
3 Fluorspar 0 0.128 \, 51.3 e 20.9 oe 9.5 2.0 9.8 0.8 0.055 0.11 
5 Mn Ore 0 0.092 1% 46.8 * 17.4 ** 8.8 23.4 3.9 0.9 0.097 
16.3 5.3 
3 Limestone 4 CaC, 0.104 3 38.9 0.8 20.7 0.7 1.9 1.9 30.6 1.0 0.294 
5 Lst, 2 Spar 5 CaC, 0.085 4 37.5 0.7 21.4 0.5 1.5 1.1 31.8 1.0 0.331 
5 Lst, 2 Spar 5 CaC, 0.071 5 37.0 0.4 20.0 +e 1.3 J 38.6 1.1 0.266 


(1) Slag fluidity measured in inches run in Herty type metal viscosity mold with 3-in. channel. 
* TiO, presumably present in all slags. Determined only in those indicated. 
** In all slags a small fraction of Fe is present as Fe,O,. When not shown iron in Fe,O, is included as FeO. 





steel mix is inclined to run very high in slag FeO, 
and such a small cupola is inclined to run a higher 
FeO on an equivalent mix. 

On heats Nos. 1, 2, and 3 three pct limestone pro- 
duced slags of inadequate fluidity; metal sulfur con- 
tent ranged from 0.123 to 0.144 pct. The viscous 
slags were very sluggish and stringy down the front 
slag trough and measured only 4- to 4-in. in the 
slag viscosimeter (metal viscosity mold of the Herty 
type used on steel slags, channel diameter, 34 in.) 
shown in Fig. 1. These heats showed some tendency 
toward bridging and slag adherence inside the cu- 
pola. Slag SiO, contents were high, 46.7 to 50.5 pct, 
and lime to silica ratios were very low, 0.25 to 0.32. 

On heats Nos. 4 and 5, limestone was increased to 
6 and 8 pct. Slag fluidity was improved. Fluidity tests 
measured 2 and 3 in., the slags ran freely and con- 
tinuously down the front trough, and the cupola 
dropped clean with no slag adherence or bridging. 
Looking at the slag analyses, the reasons for improved 
fluidity are obvious. As the CaO contents were in- 
creased, the SiO, contents were decreased to 42.5 
and 41.8 pct, and lime/silica ratios increased to 0.54 
and 0.64, respectively. Metal sulfur contents on these 
higher limestone heats ran approximately 0.020 pct 
lower. 

On heat No. 6 with 3 pct limestone and 2 pct fused 
sodium carbonate the slag seemed slightly more fluid 
for its SiO, content, apparently a result of the soda 
content, but fluidity was hardly adequate for good 
operation. 

On heat No. 7 with 3 pct limestone and 2 pct fluor- 
spar, slag fluidity measuring 114 in. was better than 
3 pct limestone alone but hardly as fluid as the 6 pct 
and 8 pct limestone heats. Metal sulfur content was 
equal and carbon content slightly higher. 

On heat No. 8, 3 pct fluorspar alone obviously did 
not provide sufficient CaO content for the slag. Cu- 
pola operation was good but the 4-in. slag was too 
viscous for clean elimination. Compared to 3 pct 
limestone, metal sulfur content was essentially the 
same but carbon content was higher. 


On heat No. 9, 5 pct manganese oxide ore was 
used as flux instead of limestone. The results are 
primarily of academic interest. The resulting slag 
had about 20 pct more MnO and 20 pct less CaO 
than normal slags. The slag of this composition had 
a reasonably good fluidity of 114-in. Cupola opera- 
tion was good; silicon and carbon results were nor- 
mal. Metal sulfur was lower and manganese content 
was at least 0.40 pct higher than normal as a result 
of manganese reduced from the ore. 

The last three heats with calcium carbide added 
experienced the most fluid slags, the cleanest cupola 
operation, lowest sulfurs, and highest carbons. 

On heats Nos. 11 and 12 with 5 pct carbide, 2 pct 
fluorspar, and 5 pct limestone, sulfur content was 
reduced to 0.085 pct and 0.071 pct on the two heats. 
Slags were almost mildly basic with a 

2 
ratios of 0.87 and 1.08. Total FeO of the slag was 
reduced to 1.9 and 1.3 pct. Slags of this composition 
were found to contain 0.27 to 0.33 pct sulfur which 
explains the considerable desulfurizing ability. Metal 
carbons were increased to 3.15 and 3.16 pct. Oxida- 
tion losses of silicon and manganese were reduced 
considerably. 

These heats indicate some effects of fluxing prac- 
tice and slag composition and suggest occasional ad- 
vantages from deviation from standard fluxing. 


Slag Fluidity—Some Causes and Effects 


Wide variations in slag fluidity are readily appar- 
ent, especially on a front-slagging cupola. A viscous 
slag is sluggish and stringy as it runs down the slag 
trough. The other extreme is the slag with excep- 
tional fluidity that runs briskly down the slag trough. 
A need was recognized for some means to measure 
and express slag fluidity. A split metal mold of the 
Herty design as used in the steel industry was 
adapted to cupola slags (Fig. 1). The mold is held 
under the slag stream, filling the mold basin with 
molten slag. Out from this basin the slag runs into 
a 3%-in. channel until its flow is stopped by its solidi- 
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Very Fluid 


Fig. 2—Slag SiO, vs. fluidity. 
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Fig. 1—Slag viscosity mold—Herty design. 


fication in the mold channel. The length of run is 
measured in inches. 

Several slag fluidity measurements are made on 
each of our experimental heats, and slag fluidity is 
checked at intervals on all our production cupolas. 
Experience has indicated that most of the slag condi- 
tions that give the best operation range in fluidity 
from 2-4 in. Fluidities below | in. have been found 
inclined to give some trouble from slag accumulation 
and bridging. Fluidities above 5 in. have generally 
been found to be more corrosive on basin refractor- 
ies, tap hole, etc., unless special refractories are used. 

This fluidity test indicates only relative differences 
in fluidity and has some limitations. Obviously in 
slag fluidity the temperature of the slag isan im- 
portant factor as well as its composition. Since most 
cupolas melt within a 150 F temperature range and 
any particular furnace usually melts within a 50 F 
range, temperature as a short term variable does 
not seem as influential as composition. On the other 
hand, if one cupola should have an unusually long 
slag run-off trough, the slag might lose more tem- 
perature before reaching the test mold and thereby 
give a lower fluidity reading for the same slag. 

Small slag streams from very small cupolas might 
lose more temperature and fill the mold basin more 
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slowly than on larger streams from bigger cupolas. 
Some allowance must be made for the mechanics of 
taking the test. The fluidity tests were made by hold- 
ing the fluidity mold directly under the slag stream 
coming steadily off the slag run off trough. No spoon 
was used. On the same cupola, fluidity tests have 
shown reasonably good reproducibility and_ signifi- 
cant variations in fluidity have been associated with 
differences in operation and cupola condition. 

Table 11 includes some fluidity measurements for 
the wide variety of slag compositions and special 
fluxes discussed in the previous section. Attempts to 
correlate fluidity with composition have been made. 
Fluidity seemed to correlate with SiO, content bet- 
ter than with any constituent or group of constituents. 
In slags of this type alumina gives more evidence of 
behaving as a base and increasing fluidity. All the 
basic constituents, CaO, MgO, Na,O, MnO, and FeO 
seem to increase fluidity per se. Correlation with SiO, 
content is equivalent to correlation with the total 
content of all basic constituents. 

In Fig. 2 a number of slags have been graphed 
with SiO, content vs. fluidity. Molar per cent is 
probably scientifically more accurate, but weight per 
cent seemed sufficiently accurate within the precision 
of the test and of more value to the practical opera- 
tor. The small cupola experimental heats, indicated 
by circles, show fairly good correlation of fluidity 
with silica content. With the SiO, as high as 50 to 
52 pct the slag dropped to 4 to Y4-in. fluidity. With 
the SiO, as low as 37 pct, fluidity increased to ap- 
proximately 5 in. 

A few tests on larger production cupolas seemed to 
be parallel with the smaller cupola, but at a slightly 
higher level of fluidity for the same composition. This 
seems to be due to the larger stream of slag that gets 
into the mold more forcefully and with less heat loss. 


Effect of Coke Amount—Experimental Heats 


Some fundamental studies of slag chemistry have 
been obtained from series of heats on a 21 in. experi- 
mental cupola. This cupola has four 314 21-in. 
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Fig. 3—Slag composition vs. coke amount. 


tuyeres located 12 in. from the bottom door, and a 
stack height of 7 ft 4 in. Air is supplied by a 1024 
positive displacement blower. 

The 100-lb charges were 50 pct steel and 50 pct 
pig. Flux was 5 pct limestone, and coke was 14 pct 
of the metal charge, screened to pass a 4-in. mesh and 
be retained on a 3-in. mesh. The normal air volume 
for standard heats is about 900 cfm or 370 cfm/sq ft 
of cross-sectional area. These conditions usually re- 
sult in a melt rate of 1.5 tons/hr and a pressure range 
of about 8-12 oz. 

Slag fluidities are measured in the viscosimeter at 
regular intervals throughout the heat. Slag samples 
at 1/3 the heat and 2/3 the heat were analyzed spec- 
trographically. As previously mentioned exact ac- 
curacy in the analysis is not claimed, but the varia- 
tions in the relative proportions should be very ac- 
curate. 

Several series of heats have been made with varia- 
tions in one of the above conditions such as coke 
amount, coke size, air volume, and size and shape of 
the steel portion of the charge. The primary pur- 
pose of these heats was to show the effects of the 
above mentioned variations on such things as metal 
temperature, metal chemistry, melting rate and slag 
performance. The effects of these variables on cupola 
operation and metal chemistry will be given in an- 
other paper. Only the effects on slag composition 
will be discussed in this report. Some very evident 
correlations with cupola operation were obtained. 

Variations in coke amount of 9, 11, 14 and 20 pct 
were made in a series of seven heats. Slag compo- 
sition trends are graphed in Fig. 3. Keeping the 
flux constant and increasing coke amount from 9-20 
pct increased the SiO,4+TiO, from about 46 to 56 
pct. (Titanium oxide contents were only about 1.0 
pct so that the figure shown is essentially SiO, con- 
tent.) This increase of SiO. may be accounted for in 
the increased coke ash and lining consumption. 

The CaO+MgoO contents decreased from about 34 
to 25 pct. (The MgO contents were approximately 
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only 2 pct with the greater proportion as CaO.) The 
slags with increased silica and decreased lime were 
rather viscous and troublesome. These variations em 
phasized the need for additional flux with higher per 
centages of coke, as indicated by higher percentages 
of acid constituents and lower fluidities. 

The Al.O, content showed no significant change 
with possibly a slight increase with the higher coke 
percentage. Both the increased amount of coke ash 
and the slightly increased refractory consumption con 
tributed some additional alumina, but the total slag 
quantity apparently increased nearly as much pro- 
portionately. The manganese oxide content showed 


SiO, + TIO, _| 
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Alp O3 

FeO 

MnO 


Slag Composition— 





580 880 N85 
Air Volume — C.FM. 
241 366 492 


Ratio Air Volume To Cupola Cross- Sectional Area — CFM/Sq Ft 


Fig. 4—Slag composition vs. air volume. 


no significant change, but a slight decrease with the 
larger amount of coke. 

The most significant effect of coke amount was on 
slag FeO. Increasing coke amount from 9 to 20 pct 
decreased FeO from 12 to 5 pct. The greater oxida- 
tion with lower percentages of coke was accompanied 
by higher silicon and manganese losses from the met- 
al. This was reflected in the slag chemistry by higher 
SiO, and MnO constituents at the 9-pct level. 


Effect of Air Volume 


In another series of three heats, air volume varia- 
tions of 580, 880, and 1185 cfm (241, 366, 492, cfm/sq 
ft) were made. Slag results are graphed in Fig. 4. Ex- 
cessive air volume caused severe lining attack, as in- 
dicated by the increase in SiO,, decrease in CaO, and 
slight increase in Al,O3. This was substantiated by 
visual and measured inspection of the lining after 
each heat. 

Excessive air volume also caused high slag FeO in- 
dicative of high metal oxidation losses. MnO content 
was also slightly higher. Oxidation of silicon was 
reflected in the metal chemistry and was very high. 

The increase in slag volume due to increased re- 
fractory consumption is probably a result of the oxi- 
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dation. If not compensated for, slags of this nature 
can very quickly cause bridging, loss of tuyere and 
stack permeability, and subsequent forced shut-downs. 


Effect of Coke Size 


In a series of 14 heats, coke amount was kept con- 
stant and coke size varied from about | to 5 in. Sev- 
eral mixtures of various sizes were tried, also. With 
one or two exceptions average coke size seemed to 
show some correlation with metal properties and slag 
chemistry. (One combination of five screen sizes re- 
sulted in a badly bridged cupola and erratic re- 
sults.) Results are graphed in Fig. 5. 

The coke averaging 1 in. (5 pct of cupola diam- 
eter) resulted in slag of very high FeO content (18 
pet), and low CaO (24 pct). Excessive oxidation 
caused heavy lining attack, which coupled with metal 
oxidation products resulted in the low basicity ratio. 

As coke size was increased to 2-3 in. (9 pct to 14 pct 
of cupola diameter), the FeO content of the slag 
dropped below 5 pct and a better balance of SiO, and 
CaO was obtained. This range of coke size seemed 
best suited to this size cupola operating under the 
conditions previously described. 

Increasing coke size above this range progressively 
produced slags of higher FeO and lower basicity. The 
5-in. size (24 pct of cupola diameter) resulted in a 
slag of 12 pct FeO, 58 pct SiO.,+TiOs, and 12 pct 
CaO+MgoO. 

This greater oxidation was directly reflected in ex- 
cessive metal oxidation losses. 

The effects of coke size might be exaggerated some 
by the small cupola, especially the effects resulting 
from lining consumption. 

Slag condition is more critical and more sensitive 
in the small cupola. 
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Fig. 6—Slag composition vs. section size of steel. 


Our experience suggests that trouble can and is fre- 
quently caused by too large coke in a very small 
cupola and too small coke in large cupolas. 


Effect of Section Size of Steel 


The importance of selecting the proper grade of 
scrap steel was emphasized on this series of 14 heats 
in which the surface area to volume ratio of the steel 
portion of the charge was varied from about 2.5 to 
60. Steel plate from l-in. thickness down to cans, 
and steel rods from 3 in. down to Y4-in. rivets were 
used. Results are graphed in Fig. 6. 

Large pieces of steel produced definite changes in 
the physical operation of the cupola, especially rate 
of melting, metal temperature, etc., but slag chem- 
istry was not greatly af- 
fected. Until a ratio of sur- 
face area to volume of the 
steel reached about 10:1, 
the slag chemistry 
remained quite normal 
with about 50 pct SiO», 30 
pet CaO, 10 pct Al,Oz, 5 
pet FeO, and 2 pct MnO. 
With very thin steel that 
increased the ratio above 
this point, drastic changes 
in slag chemistry resulted. 
Extremes were attained on 
a 60:1 ratio heat in which 
flattened tin cans were 
charged as 50 pct of the 
charge weight. The FeO 
shot up to 30-40 pct, SiO, 
dropped below 40 pct and 
CaO was less than 10 pct. 


Fig. 5—Slag composition vs. 


.20 
coke size. 
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The extreme oxidation of metal and severe lining 
attack produced volumes of slag very difficult to con- 
trol, and the tuyeres were kept open with difficulty. 
The entire stack was saturated with slag. It is inter- 
esting to note the amount of dilution of SiO,, CaO 
and Al,O; constituents by metal oxidation products. 


Summary 


Slags from several different cupolas under various 
operating conditions have been analyzed and an at- 
tempt made to correlate their composition with their 
origin and their relation with cupola performance. 

The usual acid cupola slag seems to be predomin- 
antly a combination of silicates of lime, aluminum, 
iron, and manganese, and generally within the ranges 
shown below: 


Acid Basic 


40-50% SiO. 25-38% CaO (+MgO) (+Naz) 
(0.7-1.5% TiOs) 10-20% Al,O3 

l- 8% iron oxides 

1- 5% MnO 








The predominantly acid constituents naturally pro- 
duced in melting require balancing with additional 
basic fluxes to develop sufficient fluidity for satisfac- 
tory slag elimination. This fluidity has been measured 
and found for all practical purposes to be propor- 
tional to the total of all basic constituents or inversely 
proportional to the silica content. 

High silica slags with low fluidity result from the 
minimum addition of basic flux and produce lower 
carbons, especially on low carbon mixes very de- 
pendent on carbon pickup. Slags of this extreme are 
more inclined to accumulate and adhere to the coke. 
It too viscous, melting efficiency may be impaired 
and oxidation increased. 

On the other extreme large amounts of limestone 
produce slags with higher basicity and great fluidity 
that leave the stack cleaner and the coke more re- 
active, resulting in higher carbons and more efficient 
combustion. Although not capable of significant de- 
sulfurization, acid slags with higher basicity and low 
FeO can absorb enough sulfur to reduce metal sulfur 
content 0.005 to 0.015 pct lower than a slag of less 
favorable analysis. With basicity too high refractory 
attack increases. Mildly basic slags have been pro- 
duced in an acid-lined cupola for short periods but 
are impractical for long heats. If the advantages of 
a more basic slag are desired, a basic lining should 
be adopted. 

The proper amount of basic flux to produce a slag 
of desired consistency varies considerably on different 
cupolas and mixes due to variations in the sources of 
slag, namely: 

1. Ash of coke 

2. Refractory lining consumed 
3. Oxidation products 

4. Extraneous dirt 

The total of these sources of slag has been found 
to vary from the extremes of 114 to 10 pct of the 
melt requiring from 114 to 8 pct limestone to obtain 
satisfactory slag composition. Increased coke as well 
as higher ash coke both require more basic flux. The 
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need for more limestone has been shown when refrac 
tory consumption has been increased, either from the 
inherent increase with decreasing cupola size, over 
blowing, excessively small coke, or high steel mixes. 

Since SiO, is the predominant product of oxidation 
still more basic flux is required to combat higher de 
grees of oxidation caused by poor charging, high 
steel mixes, thin steel, overblowing, and small coke. 
Preheated blast and good charging have been shown 
to reduce oxidation, sources of slag, and slag FeO. 
Smaller cupolas experience relatively more oxidation 
for the same conditions. Iron oxide content of the 
slag is a good indication of the degree of over-all oxi- 
dation and correlates resonably well with silicon loss. 

With clean charges in a large cupola, slag con- 
trol is not difficult with consistent practice. But in 
smaller cupolas slag control becomes more difficult 
when forced to use high proportions of scrap or steel, 
high-ash coke, or small coke. 

Some attention to the slag factors discussed has been 
found necessary to maintain consistent operation 
through all the variations in raw material quality and 
operating conditions. 
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DISCUSSION 


Chairman: H. A. DEANE, Campbell, Wyant & Cannon Found- 
ry Co., Muskegon, Mich. 

Co-Chairman: G. L. Ricuter, Farrel-Birmingham Co., An- 
sonia, Conn. 

Recorder: W. M. Spear, Worthington Corp., Harrison, N. J. 

R. A. CLARK (Written Discussion):' The authors of this 
paper have successfully assembled a large mass of data into 
such form that logical conclusions as to the effects of varia- 
tion in slag condition and analysis can be made. They should 
be congratulated on a valuable contribution to our knowl- 
edge of the factors affecting cupola operation. 

Their conclusions, in many cases, check very well with the 
writer’s personal experience. We were particularly interested 
in the conclusion that high lime slags result in increased car- 
bon pickup in the metal, even in the acid cupola and agree 
with this conclusion. This is attributed to the fact that a 
viscous, siliceous slag prevents efficient combustion of coke 
and tends to blanket the fuel in such a manner that contact 
between the metal and coke is limited. It may be interesting 
to note, however, that a somewhat similar relationship exists 
in other metals melted in furnaces in which the increased 
carbon pickup under more basic slags cannot be related to 
the condition of a coke bed. As an illustration, there is a 
trend toward carbon pickup when melting low carbon stain- 
less steels in the basic electric furnace. This trend becomes 
more decided as the basicity of the slag is increased. One of 
the methods of limiting carbon creep under these conditions is 
to keep the slag as acid as is practical in a basic furnace. 

Another point which might be emphasized is the authors’ 
statement that irregularities found in melting conditions at 
their plant were the result of variation in the amount of 
SiO, introduced into the cupola as adhering sand on scrap, etc. 
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Such variation, of course, makes control of slag balance diffi- 
cult. It might be emphasized also that it takes a great deal of 
heat to form and melt slag. We understand blast furnace 
plants operate on the basis that 0.4 lb of coke are required 
for each pound of slag produced. If this figure applies to the 
cupola also, for every unnecessary pound of SiO, introduced 
as sand or eroded refractory, we need extra limestone and 
make some 2 to 214 lb of extra slag, requiring an extra pound 
of coke for fusion. These figures point to the importance of 
clean melting stock and consistently good refractory practice, 
points which are borne out in commercial experience but 
sometimes overlooked in individual foundries. Certainly, charg- 
ing of uncontrolled amounts of sand can lead to many serious 
irregularities in cupola melting. Some SiO, is necessary for 
slag balance. The ideal condition would be to control the 
amount as closely as the weight of limestone or other flux. 

We might also suggest that, while the authors have shown 
a close relationship between the analysis of the tapping slag 
and results obtained from their cupolas, the slag which actually 
affects the metal may not be the slag as it is tapped from the 
furnace, but rather, the slags existing in the melting zone and 
coke bed of the cupola. The fusion temperature of burnt lime 
resulting from calcination of limestone is high (4700 F for 
pure CaO) and certainly above the temperatures met within 
the cupola. This burnt lime must come into physical contact 
with and be fluxed by SiO, from coke ash and other sources 
(also having high fusion temperatures) in order to form a 
fluid slag. There is an old foundry saying which has come 
down from the days of hand charging to the effect that care- 
ful spreading of limestone is worth an extra shovelful per 
charge. This seems to be borne out, and in practice we find 
that where charging equipment is such as to make uniform 
distribution of the flux charge across the section of the cupola 
difficult to obtain, it is also difficult to obtain consistent re- 
sults from the furnace. In such cases, the slags found in vari- 
ous portions of the cupola bed probably bear little relation- 
ship to the tapping slags which can be sampled at the slag 
hole. The excellent correlation between chemical analysis of 
the cupola slags and the results reported by the authors un- 
doubtedly indicate a high level of excellence in their melting 
practice. Such an exact correlation might not be obtained in 
plants having less carefully controlled melting conditions. 

Again, the authors should be congratulated on an excellent 
paper forming a worthwhile addition to our literature on 
cupola operation. 

Mr. CarTER (Author’s Reply to Mr. Clark): We appreciate 
the remarks of Mr. Clark and verification from his experience 
that high lime slags give increased carbon pickup and that 
variations in sand on scrap are frequent causes of slag irregu- 
larity. 

We agree with the emphasis that the slag as sampled might 
not always accurately represent the slag in the cupola. It is 
true that uneven charging, improper blast distribution, irregu- 
lar lining practice, and many other factors can produce a slag 
composition on one side of a cupola considerably different from 
the other side. It can only be hoped that these irregularities 
are held to a minimum and that the slag sample from a 
smoothly flowing front slagging cupola represents a fair aver- 
age of the overall slag composition. 

Actually it seems likely that a high lime slag might be di- 
luted some from the refractories consumed in the cupola well 
and trough so that the external sample appears less basic than 
actually experienced in the cupola melting zone. Likewise on 
a viscous high silicon slag it seems possible that proportion- 
ately more of the more fluid portion of the slag flows out the 
tap hole, (or slag hole) to be sampled, while proportionately 
more of the less fluid slag adheres to the coke and refractories 
and remains to form a bridge in the cupola. I believe we can 
safely assume that variations in slag composition inside the 
cupola are greater than indicated in the slags as sampled. 

We appreciate the compliments on the good correlation and 
excellence of melting practice, but we must admit we left out 
some data that did not show such good correlation because we 
felt we did not have sufficiently controlled melting conditions. 
Because of some of these irregularities, sampling limitations 
etc. we feel that definite conclusions on slag behavior should 
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be drawn very carefully and only after a sufficient volume of 
well controlled data. 

A. E. Scnun (Written Discussion):2 First of all, the authors 
are to be congratulated for presenting an excellent paper. In- 
formation of a quantitative nature regarding this important 
subject has been needed in this country for some time. True 
enough, much has been written in the past few years regarding 
slag chemistry in connection with basic-lined cupolas and a gen- 
eral inference, I fear, has been drawn that either (1) slag -re- 
actions were relatively not’important in acid-lined cupolas, (2) 
that in a general way we knew about the subject, and (3) that 
not much could be done about it in any event. This paper 
definitely serves to correct any such erroneous impressions. 

The material presented is obviously based on a wealth of 
observations obtained over a considerable time and a wide 
variety of operating conditions. It cannot be mere coincidence 
that in the operation of a group of acid-lined cupolas having 
a sixteen-fold range in cross-sectional area it is found that 
“good” slags in terms of satisfactory practical cupola operation 
have nearly identical chemical composition. To obtain this 
relative constancy of slag composition the authors found it 
necessary to increase the proportion of basic flux material in 
the charge over a rather wide range as the size of the cupola 
decreased, which in turn modified the ratio of lining surface to 
cross-sectional area and normally required higher percentages 
of coke for equivalent thermal balances. It is particularly grat- 
ifying to learn how closely the calculated and actual composi- 
tion of the slags matched over the extreme of the range when 
proper recognition was made of the source of the materials 
which formed them, both in the charge and from the reaction 
with the acidic lining. 

Although the authors emphasize the fact that the cupola’s 
function is to make satisfactory iron and not satisfactory slag 
it is clear that the two go hand in hand. This mutual relation- 
ship illustrates the diagnostic value in slag appraisal. The situa- 
tion is not too dissimilar from that prevailing in a medical 
check-up in which the examination of the products of elimina- 
tion are considered necessary steps towards diagnosing our state 
of health. The authors will, it is hoped, elaborate on this rela- 
tionship in the future but it is clear that the use of the requi- 
site and adequate quantities of limestone in the charge has 
served among other things to make the coke more available 
both thermally and chemically, thereby increasing the metal 
temperature and hence its carbon content. The authors did 
not mention it, but it would be interesting to learn how much 
beneficial effect a properly fluid slag has had on metal cleanli- 
ness, although it is realized that the measurement of this prop- 
erty is difficult. 

It is hoped that the presentation of this paper will stimulate 
others in the industry either (1) to report their experiences 
along similar lines of investigation or (2) to instigate new work 
along this line for future presentation. By this means a broad 
base of understanding will be obtained. 

The chief deterrent for work of this nature has been the 
cumbersomeness of the analytical techniques involved. The fol- 
lowing suggestion may be somewhat premature, but it does seem 
that enough background information has now been furnished 
so that a less complete appraisal of the slags, when properly 
correlated to the cupola operating factors might furnish much 
useful information quickly, without inviting excessive danger of 
over-simplification of distortion. The writer has in mind a con- 
centration of the appraisal technique to merely three tests, 
namely a determination of the silica content of the slag, its 
FeO content, and its viscosity. With respect to viscosity it is 
apparent that further developmental work is needed, particu- 
larly with respect to the effect of the temperature and volume 
of the slag. In making the above suggestion it is assumed that 
only normal basic fluxes such as limestone or dolomite are em- 
ployed. A further and perhaps too obvious suggestion is that 
the readily visual factors of the slag such as its color, gloss, tex- 
ture, and fracture appearance be at least qualitatively correlated 
with the composition of the slag and the attendant cupola oper- 
ating conditions. Considerable work along this latter line is 
being done currently by the Gray Iron Research Institute. 
These suggestions may expedite the usefulness of slag appraisal 
for guiding cupola performance and comments on them by the 
authors would be helpful. 

In closing, the writer wishes again to express his apprecia- 
tion of the importance of this paper and hopes it will stimulate 
constructive further activity within our industry. 


3 Director of Research, United States Pipe & Foundry Co., Burlington, N.J. 








EVALUATION OF MOLD MATERIALS 
FOR TITANIUM CASTINGS 


By 


R. M. Lang, J. G. Kura, and J. H. Jackson* 


Introduction 


Development of processes for casting titanium pre- 
sents many difficult problems because molten titan- 
ium is so chemically active. It reacts with or dis- 
solves all known refractory materials. When contam- 
inated by only small amounts of oxygen, nitrogen, or 
carbon, titanium becomes very hard and brittle. Un- 
contaminated titanium is ductile, has a high strength- 
to-weight ratio, and excellent corrosion resistance. 
The research described in this paper has been direc- 
ted toward the development of processes for making 
high-purity titanium castings. 

There are two major problems that must be over- 
come before high-purity titanium castings can be 
made. These problems are (1) to develop a method 
for making high-purity titanium melts large enough 
to be cast into molds, and (2) to develop mold ma- 
terials which will not react with or contaminate the 
titanium castings. 

Concurrent research programs at Frankford Arsenal 
and at Battelle have been directed toward the solu- 
tion of these two problems. Simmons and Edelman! 
have described a skull-melting arc furnace developed 
for melting high-purity titanium. A modification of 
this furnace has been built at Battelle for future eval- 
uation of more promising mold materials. Mean- 
while, preliminary screening of mold materials has 
been conducted in an assembly which utilizes a graph- 
ite-lined, induction-melting furnace operating in a 
sealed dome. This latter furnace and the mold-devel- 
opment program are discussed at length in this paper. 


Experimental Procedure 


Description of Furnace—The graphite-lined induc- 
tion furnace enclosed in a sealed chamber, which was 
used in this investigation, is sketched in Fig. 1. The 
whole furnace assembly is mounted on a hinged table 
which is tilted to pour the molten metal into the 
mold. The induction coil is connected to a motor-gen- 
erator unit having a rated output of 80 kw at 9600 
cycles per second. 

*Research Engineer, Assistant Supervisor, and Supervisor, 
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Fig. 1—Sectional view of gas-atmosphere induction 
furnace. 

















Process A titanium sponge was used as melting 
stock for all tests. Considerable difficulty was en- 
countered in melting loose sponge, because it tended 
to form a bridge in the crucible. To eliminate this 
difficulty, the sponge was formed into briquettes 
which were melted without difficulty. 

During melting, the sponge evolved a considerable 
amount of smoke. This made it impossible to meas- 
ure the temperature of the melt with an optical pyro- 
meter. Immersion thermocouples could not be used 
because of the high temperature and reactivity of 
the molten titanium. Therefore, a standard melting 
procedure was used, so that all melts would be poured 
at approximately the same temperature. The pro- 
cedure employed was as follows: 

1. Charge 2 lb of briquetted Process A titanium 
sponge into the graphite crucible. 

2. Evacuate the furnace and backfill with helium. 
Maintain a slight, positive measure of helium. 
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3. Melt charge. Maintain power io induction coil 
at 30 kw and unity power factor. 

4. Superheat melt for 30 seconds after the charge 
becomes molten. 

5. Pour melt into the mold. Maintain power on 
induction coil during pouring. 

All mold materials were tested using the above pro- 
cedure. 

Test Casting Design—The test casting used for eval- 
uating mold materials was a rectangular step bar 
shown in Fig. 2. This casting was designed so that 
the effect of section size on mold reaction could be 
studied. All castings were poured from the large end 
of the mold with the steps in the cope and the flat 
surface in the drag. 

Mold Materials—Previous work had shown that 
there was considerable difficulty with pinholing in 
titanium castings made in shell molds.? It was not 
known whether the pinholes were caused by gases 

















Fig. 2—Rectangular step casting designed for evaluation 
of mold materials for titanium. 


dissolved in the melt, by reaction between the melt 


and the mold, or by gases evolved by the decomposi- 
tion of the resin used to bond the mold. 

To determine whether or not the pinholes were 
caused by gases dissolved in the melt, a casting was 
made in a graphite mold. The casting made in the 
graphite mold, as shown in Fig. 3, was free of pin- 
holes. Therefore, pinholing could not be attributed 
to gases in the melt. 

If pinholes in shell-molded castings were caused 
by reaction between the mold and the titanium, it 
might be possible to inhibit the reaction by coating 
the moid with a material more resistant to attack by 
titanium. Because graphite molds are fairly resistant 
to reaction, a graphite wash was tested on various 
shell molds. This wash was composed of a mixture of 
1 part concentrated dispersion of colloidal graphite 
and 3 parts isopropyl alcohol. This colloidal graphite 
diluted with alcohol was found to be a better wash 
than colloidal graphite diluted with water, because 
it was more penetrating and formed a smoother, more 
adherent coating. 

Shell molds made of either electrically fused zir- 
conia, electrically fused alumina, zircon, or silica were 
coated with the colloidal graphite wash. The screen 
analyses of the refractories used in these molds are 
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listed in Table 1. Four per cent phenolic shell-mold- 
ing resin was used to bond these molds, 

Castings made in the colloidal graphite-washed 
shell molds are shown in Figs. 4 to 7, inclusive. 

A comparison between washed and unwashed 
molds revealed that the graphite wash reduced the 
number of pinholes in the castings, but did not com- 
pletely eliminate them. Castings made in the graph- 
ite-washed zirconia shell mold had the least number 
of pinholes, while castings made in the graphite- 
washed silica shell mold had the most. 

Because some metals are resistant to attack by mo- 
mentary contact with molten titanium, metallic coat- 
ings were tested on shell molds. These metallic coat- 
ings were applied to silica shell molds with a metal- 
lizing gun. The coatings were approximately 0.005 
in. thick. Coatings of copper and molybdenum ad- 
hered very well to the shell molds, but 18-8 stainless 
steel tended to shrink and pull away from the mold 
so that it could not be used. 

A casting made in the copper-coated shell mold is 
shown in Fig. 8. Apparently, the copper was melted 
away by the titanium, and, in the heavy sections, the 
titanium reacted extensively with the silica, The 
casting made in the mold coated with molybdenum is 
shown in Fig. 9. The molybdenum coating resisted 
attack by the titanium, but the surface of the cast- 
ing was very irregular. Because of the difference be- 
tween the rates of expansion of silica and of molyb- 
denum, the molybdenum coating buckled and formed 
large bulges and wrinkles on the casting surface. 

It was believed that pinholing in titanium castings 
might be caused by gases evolved by the decomposi- 
tion of the shell-molding resin during the casting op- 
eration. Therefore, several different molds bonded 
with inorganic materials were made and tested to 
determine what effect they would have on pinholes. 
Zirconia was used as the refractory in these molds be- 
cause it seemed to cause less pinholing than the other 
materials tested as shell molds. 

One of the inorganic-bonded molds was made of 
zirconia bonded with 8 per cent sodium silicate. This 
mold was fired at 1800 F for 2 hr to remove all chem- 
ically bonded water and was cast while still hot. The 
resulting casting, shown in Fig. 10, had many large 
pinholes. It appears that the sodium silicate has a 


TABLE 1—ScCREEN ANALYSIS OF MOLD MATERIALS 
UsEp FOR SHELL MOLDING 





Amount on Screen, Weight Per Cent 








Screen Fused Fused 
Size Zirconia Alumina Zircon Silica 
20 —— 0.2 — —_ 
30 0.1 5.6 an _ 
40 0.6 14.0 — ‘aia 
50 26.5 14.3 oon aid 
70 37.9 12.7 om —_ 
100 27.3 14.1 2.6 6.7 
140 1.8 9.4 30.7 43.2 
200 1.1 74 55.7 33.8 
270 1.4 5.5 10.4 11.2 
Fines 3.3 16.8 0.6 5.1 
A.F.S. Fine 
ness No. 65 157 132 131 
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fluxing action which caused the mold to react with 
the molten titanium. 

Another inorganic bonded mold was made of zir- 
conia bonded with zirconium oxychloride. The mold- 
ing mixture contained 5 per cent zirconium oxychlor- 
ide which was added as a saturated water solution. 
The mold made from this material was baked at 
450 F before casting. When titanium was cast in this 
mold, there was some chlorine evolved from the mold, 
but this did not seem to affect the casting. As can be 
seen in Fig. 11, this casting had only a few tiny pin- 
holes. This type of mold material shows considerable 
promise, because it may be possible to improve the 
surface finish of the casting and eliminate pinholes 
entirely by using zirconia of a finer particle size. 

A baked core-sand mold for titanium castings was 
studied by Johnson.* A mold mix, similar to that 
reported by Johnson, was prepared as follows: 

Silica sand, A.F.S. Fineness No. 84 — 87 pct 


Silica flour —= €5 

Pitch — 20 ” 
Cereal binder — 05 ” 
Core oil — 10 ” 
Resin binder — 20 ” 
Water — $0 ” 


This mold was baked at 425 F for 2 hr and then 
washed with a colloidal dispersion of graphite in ben- 
zene. After applying the wash, the mold was dried by 
baking at 325 F for 20 minutes. The mold was then 
cast while still hot. A large amount of gas was 
evolved by this mold. The resulting casting, as shown 
in Fig. 12, had many defects which can be attributed 
to the gas evolved by the mold. It is believed that, 
even if this mold had been vented, there still would 
have been a large number of pinholes in the casting. 


Conclusions 

Titanium castings up to 4 in. in cross-section can 
be cast with good surface finish and accurate repro- 
duction of detail in graphite- washed zirconia or 
graphite-washed alumina shell molds. If the section 
size is larger than 4 in., there may be considerable 
difficulty with pinholing and mold reaction. Com- 
mercially acceptable titanium castings of larger sec- 
tion size, possibly up to 2 in., can be cast in zircon- 
ia molds bonded with zirconium oxychloride. Before 
making larger castings, however, more work must be 
done to determine the depth to which castings of 
various section sizes are contaminated by the mold. 

The test casting used in this investigation provided 
a severe test of the mold materials. Most of the de- 
fects occurred at the re-entrant angles where there 
was a change in section size. These re-entrant angles 
with unfilleted corners are usually avoided in good 
casting design, because of the high concentration of 
heat in these areas. Castings for specific applications 
can be designed in which there are no such areas of 
high heat concentration. Thus, with good casting de- 
sign, it may be possible to eliminate many of the pin- 
holes found in the test castings. 

The mold materials developed in this investigation 
are fairly limited in their use, however, and are quite 
expensive. Therefore, more work must be done to 
develop better and less expensive mold materials. 
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DISCUSSION 
Chairman: W. A. Dean, Aluminum Company of America, 
Cleveland. 7 
Co-Chairman: R. A. LupKker, Armour Research Foundation, 
Chicago. 


Recorder: P. D. Frost, Battelle Memorial Institute, Colum- 
bus, Ohio. 

MARVIN GLASSENBERG:* How did the authors maintain a 
constant amount of superheat for the charge in each heat? 

At Armour Research Foundation, we control superheat by 
probing the charge with a graphite rod to determine the ini- 
tial melting point. After the charge is molten, we permit a 
given time to elapse before the furnace is tapped. Thus, super- 
heat of the charge is measured by the amount of time elapsed 
between the initial liquid state of the metal and tapping. 

Mr. Lanc: We used the same weight of charge and the same 
power input from heat to heat. When melting occurred, con- 
siderable quantities of fumes were evolved, and this occurred at 
about the same time for each heat. After the appearance of 
the first fumes, we superheated 30 to 60 sec prior to pouring. 

M. J. Bercer:* We have found in our work at Armour that 
the surface quality of titanium castings varies considerably 
from heat to heat, even when identical mold materials and 
mietal charges are used. One good casting does not guarantee 
that the next one made in the same way will also have a good 
finish. Will the authors comment on the reproducibility of 
their results? 

Mr. Lanc: We have made only one casting for each mold 
material described in this paper. In previous work with other 
mold materials, we have made several castings in the same type 
of mold and got fairly good reproducibility. 

MeMBER: What was the crucible charge, and how was the 
crucible held in place when the furnace assembly was tilted for 
pouring? 

Mr. Lanc: Process A titanium sponge was the crucible 
charge. The crucible was held in place by the graphite pour- 
ing spout shown on top of the transite ring. 

MEMBER: What was the method used for mixing the zir- 
conium oxychloride binder with the zirconia sand? What is 
the cost of the zirconium oxychloride? 

Mr. Lanc: The zirconium oxychloride was added as a sat- 
urated water solution and mixed with the sand by hand. The 
zirconium oxychloride cost approximately 35 cents per pound. 

R. E. EpELMAN:? Is the furnace used adaptable to larger 
castings? 

Mr. LANG: No. 

O. W. Stmmons:* I should like to mention that titanium 
reacts with the mold materials exothermally; thus, the reaction 
is self-propagating so that the mold and metal surfaces are 
kept at the reaction temperature until the reacting surfaces 
have been consumed. 


1 Armour Research Foundation, Chicago. 
2 Frankford Arsenal, Philadelphia. 
8 Rem-Cru Titanium, Inc., Midland, Pa. 
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CHAIRMAN Dean: How sound are these castings? Is pin- 
holing the only defect? 

Mr. Lanc: Pinholes are the only defect, and these penetrate 
he castings to a depth up to about i in. 

S. V. ARNoLp:* Under what pressure are the melts made? 
Could the gas which causes pinholing be absorbed hydrogen? 

Mr. Lanc: Melts were made under slight positive pressure 
of helium. What causes the pinholing has not been established. 

Mr. ARNOLD: It would seem that, if melts are made under a 
slight positive helium atmosphere, hydrogen from the titanium 
sponge could be the only gas available to cause pinholes. 

Mr. Dean: Do you mean that hydrogen would be absorbed 
from the mold surface? 

Mr. ARNOLD: No, it would come from absorbed water pres- 
ent in the titanium sponge as charged. 

RECORDER Frost: Have you observed the titanium hydride 
phase in your castings? Large amounts of this phase would 
suggest that hydrogen might be responsible for pinholes. 

Mr. Lanc: No work has been done to determine whether 
the hydride phase is present. 

M. W. Morte:* I was under the impression that titanium, 
unlike metals which do not form hydrides, has an increasing 
solubility for hydrogen with decreasing temperature. Thus, the 
absence of porosity in the casting may not be a real indication 
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of a low hydrogen content in the melt. 

MEMBER: Was the sponge given a purifying treatment prior 
to being melted? 

Mr. Lanc: No, if was briquetted and melted. 

W. E. McCut.toucu:* This paper and the present discussion 
will certainly be of historic value in the years to come after the 
titanium-casting industry has been established. I should like to 
ask whether or not the mold materials used in this work might 
be applicable for cores? 

Mr. Lanc: I believe they could be applicable. 

Mr. Jackson: We should point out that this furnace is only 
a screening tool. A large, skull-melting, arc furnace of a design 
similar to that used at the Frankford Arsenal by Simmons is 
available for larger scale evaluation of the most promising 
mold materials. 

Mr. Lanc: Titanium castings weighing over 2 lb have been 
made in the skull-melting furnace. The melts made in this 
furnace had good fluidity, and no trouble was encountered 
with cold shuts or folds except when casting into graphite 
molds. 








4 Battelle Memorial Institute, Columbus, Ohio. 
5 Bohn Aluminum & Brass Corp., Detroit. 








PHOSPHORUS REMOVAL IN 
BASIC CUPOLA OPERATION 


By 


J. E. Bolt* and W. C. Jeffery** 


ABSTRACT 

The paper summarizes the results of a research project con- 
ducted in partial fulfillment of the requirements for a masters 
degree and subsequent work by the author at the University 
of Alabama. 

Except for the few but growing number of basic 
lined cupolas, nearly all the iron melted in foundries 
of the United States is melted in cupolas with acid 
linings. While the cupola offers great economy in melt- 
ing, acid practice cannot affect the removal of two 
detrimental elements, namely, sulphur and phosphorus. 

Actually, the sulphur content normally is increased 
during acid melting by absorption from coke. Many 
foundries use some type of post melting treatment for 
desulphurization and in recent years more progressive 
foundrymen have turned to the basic cupola for reduc- 
tion of sulphur. Phosphorus, on the other hand, has 
for years gone through our cupolas with neither in- 
crease nor decrease in content and will do likewise in 
basic cupolas unless operating conditions are adjusted 
especially for phosphorus removal. 

Years of practice in steel making and the works of 
Carter,! Flinn and Kraft,? and others on basic cupolas 
have given us the principles upon which to base 
operating conditions for either desulphurization. 
Fundamentally, desulphurization is favored by hot, 
basic, and reducing conditions while dephosphoriza- 
tion is favored by lower temperature, basic, and oxidiz- 
ing conditions. 

The exact dephosphorization reaction has not as yet 
been reliably determined. Phosphorus will oxidize 
most readily at low temperatures, but without a basic 
slag containing free lime to hold the P,O; as calcium 
phosphate in the slag, the P,O; may be reduced again 
by CO gas returning the phosphorus to the iron as 
Fe,P. This latter reaction becomes more prevalent 
with increasing temperatures. 

It was the object of this investigation to study the 


1. S. F. Carter, “Basic Lined Cupola for Iron Melting,” Transac- 
tions, A.F.S., vol. 58, pp. 376-392 (1950). 

2. R. A. Flinn and R. W. Kraft, ““The Importance of Slag Con- 
trol in Basic Cupola Operations,” Transactions, A.F.S., vol. 59, 
pp. 323-329 (1951). 

*Lt. USNR, Welding and Castings Code, Bureau of Ships, 
Dept. of the Navy, Washington, D. C. Formerly foundry instruc- 
tor, University of Alabama. ** Asst. Professor, Met: illurgical 
Engineering Dept., University of Alabama. 
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Fig. 1—Details of cupola lining, slag, and metal levels. 


removal of phosphorus and its dependence on other 
elemental contents in basic cupola melting. In the first 
four heats it was desired to show a relationship be- 
tween phosphorus removal and the degree of oxidation 
in the cupola by varying coke ratios from 6:1 to 12:1, 
keeping all other factors constant. The fifth cupola 
heat duplicated the best apparent coke ratio of the 
first series using a 50 per cent increase in limestone. 


Lower Lining Was Basic 


The cupola used in this investigation was equipped 
with an air weight controller and centrifugal fan type 
blower. The cupola measured 85 in. from the bottorn 
of the base plate to the charging apron. The well and 
four rows of brick above the lower tuyeres were lined 
with No. 3 magnesite-chrome arch bricks directly 


53-27 
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TABLE! . ..CHARGE COMPOSITIONS 








Heat Coke, Limestone, Soda Ash, Metal, 
Ib Ib Ib Ib 
1 16% 8 2 100 
2 12% 8 2 100 
3 10 8 2 100 
4 8’ 8 2 100 
5 11 12 2 100 





TABLE 2 .. . CHEMICAL ANALYSES OF METAL 





Time after Spout Composition, per cent 








Metal 
Heat tap-out, Temp., 
Semple ain F 1 Mn P Ss Si 
1 1A01 13 2420 3.50 .282 .184 .30 
1A02 21 2590 3.63 2§ .278 .170 .29 
1A03 34 2600 3.35 2§$ .270 .161 .28 
1A04 46 2620 3.55 .262 .25 
1A05 58 2560 3.36 .33 .238 .155 .22 
1A06 69 2580 3.36 .257 
1A07 80 2560 3.38 .32 .251 .136 
1A08 91 2520 3.40 .241 
1A09 106 2540 3.37 22 .232 .132 17 
1A10 112 2520 3.28 .223 
1All1 118 3.23 a .215 .133 14 
2 2A01 1 2410 3.64 .32 .286 .197 .32 
2A02 12 2480 3.57 31 .282 .158 .29 
2A03 27 2580 3.29 o§ .272 .160 .24 
2A04 39 2540 3.42 .248 
2A05 49 2530 3.35 .34 .238 .149 19 
2A06 57 2520 3.28 .225 
2A07 67 2470 3.05 .193 
2A08 80 2480 3.09 .32 .200 .132 15 
2A09 88 2460 3.13 .212 
2A10 99 3.05 .209 
2Al11 101 2420 3.09 .32 .215 .142 12 
2A12 104 3.16 .189 
2A13 109 2410 3.14 a2 .218 .139 13 
2A14 111 3.11 .29 .219 .129 te 
3 3A01 2 2400 3.54 .30 .325 ive 35 
3A02 12 2560 3.60 36 .303 .140 39 
3A03 22 2610 3.50 .34 .278 129 .30 
3A04 32 2570 3.46 .272 
3A05 42 2580 .250 
3A06 52 2590 3.44 .28 .245 124 .21 
3A07 62 2570 .223 
3A08 72 2560 3.19 .188 
3A09 82 2540 .182 
3A10 92 2520 3.05 .24 .182 129 13 
3Al1 102 2420 147 
3A12 109 2410 2.69 149 
3A13 112 145 
3A14 115 2.78 23 151 .138 12 
4 4A01 1 2520 3.54 .33 319 .206 .26 
4A02 11 2500 3.52 .299 .178 .23 
4A03 21 2540 3.53 .30 .287 -164 .23 
4A04 31 2550 .275 
4A05 41 2550 3.29 .225 141 .20 
4A06 51 2480 .231 
4A07 61 2480 3.24 .24 .180 .143 12 
4A08 71 2480 .200 
4A09 76 2450 3.06 .182 131 me 
4Al11 81 2420 3.02 .20 179 .133 10 
4A12 83 2440 .182 
4A13 85 2470* 2.95 .182 141 12 
4A14 87 2.98 .20 .189 136 aa 
5 1B01 1 2480 3.60 .32 23 .216 .36 
1B02 11 2580 3.62 .30 165 
1B03 21 2620 3.47 .32 255 145 .29 
1B04 34 2620 .228 
1B05 41 2550 3.33 .32 211 153 .20 
1B06 51 2560 .193 
1B07 61 2500 3.20 .29 165 .130 13 
1B08 71 2410 .163 
1B09 81 2390 2.93 iF 868 134 09 
1B10 90 273 15 104 148 07 


*Taken after drain plug was opened; represents cupola well temperature. 
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against the 27-in. shell resulting in an 18-in. inside 
diameter. Acid bricks were used to complete the lining. 

Figure 1 shows the details of levels and lining inside 
the cupola. The height of the dam was raised | in. 
over the inside iron level to counteract the blast pres- 
sure. Operation was continuous tap, back slagging 
without interruption after the blast was turned on for 
each of the heats. This method was chosen in order to 
maintain constant slag and metal levels. 

Every effort was made to insure that all heats were 
run exactly alike except for the desired single variable 
per heat. Tempered heap sand was used for the cupola 
bottom. Wood was used for lighting the bed, and a 
4-hr burn-in time was used. The final bed height, 52 
in. above the top of the lower tuyeres, was considered 
the minimum for this cupola to give a satisfactory tap- 
ping temperature. Charging started on a closely con- 
trolled time schedule using the sequence of coke, flux, 
and metal with no limestone and fused soda ash on the 
first two charges. Table 1 shows the charges per heat 
with the exception that the coke charges on all heats 
were maintained for the first five charges at the 6:1 
ratio, or 1624 lb per charge to insure molten metal at 
tap out. 

Coke was screened to 3 x 2 in. size, soda ash blocks 
were crushed and placed in paper bags with limestone, 
and the metal charge was of very uniform block size, 
114 x 31% x 4 in., of the following chemical compo- 
sition: C, 3.45-3.55 per cent; Si, 0.50-0.55; Mn, 0.50- 
0.55; S, 0.14 max; and P, 0.28-0.33. 


Changes in Composition 


Care was taken to see that each charge was placed 
level in the cupola and that the cupola was kept full 
at all times. It was considered that the first hour after 
tapping would be required for equilibrium conditions 
to be reached inside the cupola and that the runs 
should continue for one additional hour giving a total 
melt of 3000 to 3700 Ib dependent upon melting rate. 
This was accomplished on all but the last two heats 
which will be discussed later. 

Tables 2 and 3 show the chemical analyses of both 
metal and slag samples taken during each heat. 

Figure 2 is a summary of curves showing the chem- 
ical analyses for the elements phosphorus, silicon, total 
carbon, Manganese, and sulphur, along with the metal 
temperature at the spout, each plotted against time in 
minutes after tap out. 

For all the elements with the exception of total car- 
bon, the ordinates, or percentages, are plotted at the 
same scale to facilitate comparison. 

The abscissa, or time scale, is comparable for all 
curves. 

Below is listed each element followed by a brief 
discussion of its relationships under the conditions of 
this experiment. 

Sulphur: All heats show sulphur pickup from the 
bed coke with analyses ranging at tap-out from 0.175 
per cent for Heat 3 to 0.216 per cent for Heat 5 with 
the charge metal containing from 0.11 to 0.14 per cent 
sulphur. 

Little effective desulphurization was obtained as the 
curves for all heats level out at approximately charge 
level. This does indicate, however, that there was some 
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Fig. 2—Experimental results for five test heats. 
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desulphurization since sulphur pickup from the coke 
was eliminated. This may be verified by the sulphur 
content in the slag analyses. Of particular interest is 
the upswinging trend in sulphur content at the ends 
of Heats 4 and 5 when the metal temperatures were 
very low. 

Manganese: At tap-out, the manganese contents 
ranged from 0.30 per cent for Heat 3 to 0.33 per cent 
for Heat 4 with the charge metal at 0.50-0.55 per cent. 
Heats | through 4 show progressively more oxidation 
with little difference between Heats | and 2. The prox 
imity of manganese contents in Heats | and 2 does not 
preclude the assumption that the latter was under 
more oxidizing conditions considering that silicon, 
which takes precedence over manganese in oxidation, 


TABLE 3 . . . SLAG COMPOSITION 





Heat Sample CaO MgO AlzOs SiOz S$ P2Os FeO FezOs MnO 





1 1A04 16.50 11.18 24.38 41.70 .19 .17 2.60 .48 3.17 
1A06 24.90 10.72 21.28 37.30 .36 .50 1.80 .32 3.39 
1A08 25.65 18.20 12.50 34.60 .33 .99 3.45 .56 4.15 
1A10 26.20 9.00 22.48 34.00 .45 1.02 2.75 .56 4.10 
1A13 27.70 18.60 11.68 31.90 .55 1.07 3.75 .40 3.60 


2 2A07 20.20 13.30 14.80 34.00 .28 1.84 9.07 .56 4.97 
2A09 22.80 16.50 13.00 31.24 .22 1.76 8.35 1.20 4.64 


3 3A04 12.10 12.65 23.50 37.90 .12 .47 7.60 .64 4.45 
3AO05 15.80 14.10 19.44 39.84 .20 .61 5.25 .32 4.48 
3A06 18.90 15.40 16.62 38.36 .19 .81 3.82 .48 4.67 
3A09* 19.15 16.38 17.20 40.46 .22 .22 1.87 .32 3.40 
3A10 21.00 15.20 13.20 20.96 .43 3.48 15.40 3.82 5.32 


4 4A03* 14.30 15.30 18.30 40.80 .13 .63 4.70 .49 4-5% 
4A06* 16.60 15.85 14.87 35.80 .23 1.67 8.30 .49 on 
4A09 18.45 17.26 12.50 29.80 .36 3.181250 .36 all 
4A14* 20.25 16.05 14.33 39.30 .30 .85 2.05 .30 (est.) 


5 1B06* 14.25 14.60 21.30 40.40 .16 .29 3.20 .32 3.50 


*Slag sample taken from metal spout after coming through tap hole. 





was at a consistently lower level when comparing Heat 
1 with Heat 2. 

Silicon: At tap-out, silicon ranged from 0.36 per cent 
for Heat 5 downward to 0.26 per cent for Heat 4 while 
the silicon charged ranged from 0.50-0.55 per cent. 
Each of the first four heats generally showed progres- 
sively more silicon oxidation. The curves for Heats 
2 and 3 did not assume their respective positions on 
the graph until well after the estimated time for equi- 
librium conditions to be established. However, the 
curves do approach each other until they cross. Heat 3 
started at a higher silicon level and the over-all silicon 
loss was greater than in Heat 2. Heat 5 shows a con- 
sistently low silicon level with a low of 0.07 per cent 
at 90 minutes which condition greatly facilitates the 
removal of phosphorus. 

In every heat the oxidation loss was greater for sili- 
con than for manganese. 

Total Carbon: The percentage scale on this curve is 
one-tenth the magnitude used for the other elements 
to avoid a prohibitively large graph. 

Carbon content at tap-out ranged from 3.50 per cent 
for Heat 1 to 3.64 per cent for Heat 2. This generally 
showed little effective carbon pickup from the bed 
coke since the charged metal contained from 3.45 to 
3.55 per cent carbon. 
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With a few exceptions, the carbon curves lie in the 
same relative positions as those for silicon at any par- 
ticular time. Throughout the middle portion of the 
curves, as is the case for silicon, Heat 2 is at a lower 
level than is Heat 3 and the points at which these two 
curves cross is within 3 minutes of each other on the 
time scale. 

This apparent reversal in the early portions of both 
the carbon and silicon curves for Heats 2 and 8 is at- 
tributed to a slightly lower dam height and consequent 
lower metal temperatures in Heat 2. Even though 
Heat 3 maintained relatively high metal temperatures 
in the later portion of the heat, the curves for total 
carbon, silicon, and manganese assume their correct 
relative positions illustrating that there was progres- 
sively more oxidation in each of the heats from Heat | 
through Heat 4. Again it is stated that this was the 
desired relationship to be obtained by decreasing the 
coke charge weight on each successive heat in order to 
observe the resultant effects upon dephosphorization. 

Phosphorus: At tap-out, phosphorus percentages for 
all heats lie within the limits of the metal charge, 0.28- 
0.33 per cent. It is significant that during the period 
from 10 to 35 minutes after tap-out, all four curves on 
the progressive oxidation series lie within a spread of 
0.02 per cent before they diverge while Heat 5 started 
at the highest phosphorus level and continued down- 
ward at the most favorable rate. In the middle portion 
of the heats the greater dephosphorization in Heat 2 
as compared to Heat 3 may be explained by the rela- 
tionship of silicon content and metal temperatures for 
the two heats. In this portion, Heat 2, as compared 
with Heat 3, had both a lower metal temperature and 
silicon content, both of which aid in the dephosphoriz- 
ation reaction. 

Soon after the assumed time for equilibrium inside 
the cupola the phosphorus curve for Heat 3 drops 
below that for Heat 2 meaning greater dephosphoriza- 
tion at which time the silicon contents for the two 
heats are almost identical. 


Reach Lowest Phosphorus 


Of the progressive oxidation series, Heat 3 reached 
the lowest phosphorus level which was consistently 
between 0.145 and 0.151 per cent amounting to a 
removal of approximately 50 per cent of the phos- 
phorus charged. This is considered to be more than a 
spot check since the four analyses within this mini- 
mum range were spread over a period of 13 minutes 
during which time approximately 350 lb were melted. 

Heat 5, repeating the coke ratio used for Heat 3 and 
with 50 per cent more limestone, showed a consistent 
drop in phosphorus content ending at a low of 0.104 
per cent amounting to a removal of approximately 68 
per cent of the phosphorus charged. Here nearly all 
the metal melted after the first hour, roughly 800 lb, 
contained less than half of the phosphorus charged. 

Heats 4 and 5 ended short of the desired operating 
time of two hours. With operations designed for the 
lowest possible fluid metal temperatures, the tuyeres 
finally choked off the incoming blast until the cupola 
froze. Punching the tuyeres to keep them open was 
futile as the accumulation of slag and frozen metal 
droplets was quite dense. 
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It is noted that the acid constituents of the slag are 
relatively high in comparison to bases and not by any 
accepted method of calculating slag basicity can a basic 
slag be assumed. 

It is highly possible that these heats did not con 
tinue long enough and did not have sufficient slag 
fluidity to flush out the acid slag constituents resulting 
from the bed coke ash and oxides formed during melt- 
ing before the slag hole was opened. Attempts were 
made to obtain slag viscosimeter readings, but the flow 
was never maintained long enough to take reliable 
readings. Consequently it is not ascertained whether 
or not the slag samples recorded are representative of 
conditions inside the cupola. 

Analyses were made of slag samples taken from vari- 
ous locations inside the cupola and from the bottorn 
drop, but the results were not sufficiently consistent 
to report. 

Spectographic analyses of slag samples failed to re- 
veal any more than very small percentages of sodium 
from the soda ash (NasCO3;) charged. 

The cupola lining above the tuyeres did not burn 
out to any great extent during the performance of 
these heats. A maximum diameter of approximately 
20 in. was reached after Heat 5, however patching in 
one localized burned area was required before Heats 
f and 5. Difficulty was experienced in chipping out 
the cupola below the tuyeres. The slag was extremely 
hard and rather than chipping clear of the lining, it 
appeared to be fused into the brick, breaking off with 
it adhering sections of brick 14 to 3% in. thick. Figure 
3 illustrates a cross section of such a fracture showing 
the dark porous slag area on the right fused into the 
lighter brick area on the left. 

In an effort to simulate forehearth conditions and 
to study the possibility of further dephosphorization 
after melting, iron from the cupola heats was remelted 
in an induction furnace. After taking a metal sample 
for analysis, sodium carbonate in the amount of 2.5 
per cent and iron oxide (mill scale) in the amount 
of 0.25 per cent of the metal charge weight were added 
to the crucible. After keeping the metal at as low a 
molten temperature as possible and allowing 10 min- 
utes slag-metal contact, a second sample was taken 
for chemical analysis. 

Results here indicate the feasibility of post-melting 
dephosphorization and verify the work previously re- 
ported by Carter.! It is further illustrated that de- 
phosphorization is aided by a low silicon content. 
Specifically, a melt containing 0.293 per cent P and 
0.48 per cent Si before the additions described above 
yielded a final P content of 0.222 per cent. A melt 
containing 0.206 per cent P and 0.03 per cent Si 
yielded a final P content of 0.085 after the additions. 


Conclusions 


Conclusions based on this study are: 

1. Phosphorus can be removed in the basic cupola. 

2. Phosphorus removal increases with increasing 
oxidation in the range covered by this study. 

3. Phosphorus removal is facilitated by lower silicon 
content in the metal. 

4. Phosphorus removal is facilitated by lower metal 
temperature. 
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Fig. 3 


5. Phosphorus removal is facilitated by a higher per- 
centage of limestone charged in the range covered by 
this study. 

6. Phosphorus removal is possible without excessive 
carbon oxidation. 

7. More silicon than manganese is oxidized in basic 
cupola operation. 

8. Limited desulphurization occurs with dephos- 
phorization. 

9. Refractory burn out is low at the low melting 
temperatures used, but the fusion of slag to the brick 
results in considerable brick loss when chipping out. 

10. Ladle handling or pouring castings with the low 
temperature metal coming from the cupola spout is 
impractical. Duplexing or remelting is essential. 

It seems logical to assume that in basic cupola opera- 
tion using insulation between the shell and basic brick 
lining, and sufficient coke to maintain slag and metal 
fluidity, successful dephosphorization can be accom- 
plished on a production basis. 
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DISCUSSION 


Chairman: H. A. Deane, Campbell, Wyant & Cannon 
Foundry Co., Muskegon, Mich. 

Co-Chairman: G. L. Ricuter, Farrel-Birmingham Co., An- 
sonia, Conn. 

Recorder: W. M. Spear, Worthington Corp., Harrison, N. J. 

C. L. Frear (Written Discussion):* In the writer’s opinion, 
this is an excellent paper, being basic in character, pointing 
to the economic possibility of removing one of the trouble- 
some elements which is of rather general occurrence in gray 
iron. It should be an incentive for discussion with regard to 
the principles involved and possible developments to refine 
and extend the utility of the process. 

Theoretically, the removal of phosphorus should be a simple 
matter if certain variables can be controlled, these variables 
being amply discussed in the present paper. However, the 
control of these variables appear to be rather difficult in 
normal cupola operation as we think of it today. The ability 
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to remove phosphorus probably depends upon controlling the 
chemical reaction 4P + 50, ¢ 2P,O0; in such a manner that 
the equilibrium is displaced toward the right side of the equa- 
tion. This displacement will be almost complete provided 
strong oxidizing conditions prevail and some means is pro- 
vided for removing the phosphoric anhydride as fast as it is 
formed. Desirable oxidizing conditions should be aided by 
the use of slow burning coke and high blast volumes, or per- 
haps by enrichment of the blast by oxygen. On the other 
hand, reducing conditions which would displace the equilib 
rium toward the left, would be increased by fast burning 
coke, low blast, excessive water vapor in the air, and high 
silicon. 

Increase in the amount of lime should aid the reaction by 
fixing the P,O; in the form of a rather stable phosphate. For 
the maximum effect in this direction, it appears that a highly 
fluid basic slag should be present. The use of some fluorspai 
charged with the limestone might be a help in this direction. 

It is the present writer’s opinion that the dephosphoriza- 
tion reaction occurs high in the melting zone, where the 
charge first melts, and where we have the minimum amount 
of carbon monoxide. A _ perfectly fluid slag at this point 
would be desirable to effect complete interaction between the 
phosphoric oxide and the lime, and before the lime has had 
an opportunity to react with silica or other acid constituents. 
This opinion may be strengthened by the fact that the heat 
showing the maximum dephosphorization produced a slag 
very high in silica, hence acid, and theoretically incapable of 
uniting with additional acid constitutents, such as the phos- 
phoric oxide. 

The writer cannot agree entirely with the author in his 
statement that little effective desulphurization occurs as the 
chemical analyses show a reduction of 5 to 7 points in every 
case. 

The commercial value of the process will depend to a con- 
siderable extent upon whether it will be more economical 
to dephosphorize, then duplex the metal and make up the 
necessary silicon content with ferrosilicon, than it would be 
to purchase low phosphorus pig in the first place, assuming 
that suitable low phosphorus pig is available in required 
amounts. Of course, the very low silicon content provides 
the maximum opportunity to obtain desired properties by 
innoculation. Further development may even point to the 
production of a cupola or similar equipment, built for the 
specific purpose of dephosphorizing, designed in such a man- 
ner as to minimize the difficulties reported in the present 
paper. 

J. E. Bolt (Written Reply to C. L. Frear’s Discussion): In 
reply to Mr. Frear’s written discussion the writer is essen- 
tially in full agreement. It is generally agreed that the exact 
dephosphorization reaction has not as yet been reliably de- 
termined. Works by Winkler and Chipman* show the dephos- 
phorization reaction to be represented by 

2P 4 50 4 4(CaO’) > (4 CaO @ P.O,) 
where CaO’ represents free lime. 
and the equilibrium constant assuming ideal solutions in the 
metal and slag phases to be: 


(4CaO @ P.O;) 


ip = gaia _ 
[%P FP [%OP (CaO) 





where () signify mol fractions of the slag components 
[] signify per cent by weight of the metal components 

It is evident from these relationships that no practical de- 
phosphorization can be accomplished without the presence of 
free lime and that the influence of oxygen concentration in 
the metal is more powerful than that of the CaO in the slag. 
Values of Kp vary from 5x10" at 1500 C to 4x10° at 1700 C 
illustrating the effect of temperature on the reaction. 

The writer cannot disagree with the opinion that the de- 
phosphorization reaction occurs in the melting zone. As is 
recorded in the text of the paper the Na,CO, did not appear 
to any extent in the slag even by spectographic analysis and 
it must be assumed that its effect, if any, took place either in 
the melting zone or at least above the well. Only one slag 


1 Production Engineer, Department of the Navy, Bureau of Ships, Wash- 
ington, D. C. a . 

*T. B. Winkler and J. Chipman, “An Equilibrium Study of the Dis- 
tribution of Phosphorus Between Liquid Iron and Basic Slags,”’ Transactions, 
American Institute of Mining and Metallurgical Engineers, vol. 167, pp. 111- 
132 (1946). 
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sample taken from the wall at the melting zone was analyzed. 
[his showed 31.7 per cent CaO, 26.8 per cent MgO, 11.4 per 
cent SiO,, 13.4 per cent FeO, and 1.2 per cent P,O;. This 
single spot check is far from adequate data on which to base 
conclusions but coupled with other data obtained seems to 
indicate validity of the expressed opinion. The slag referred 
to by Mr. Frear was also a spot check being the only avail- 
able sample for the heat. 

Formation of the more stable phosphate in the melting 
zone would certainly be preferred and the desirability of a 
highly fluid slag at that location and in the well probably 
would dictate the next phase of study on dephosphorization 
in the basic cupola. 

E, A. Lorta:* First, I would like to congratulate the author 
for a start on a difficult problem. One realizes that the con- 
ditions for sulphur removal in a basic cupola are not generally 
compatible for conditions of phosphorus removal. I have two 
questions for speculation and possible future research. 

1. Has the possibility of using a much larger coke size and 
increasing the air blast in the cupola to produce high FeO 
slags and lower basicity been considered? Viscosity of the 
slag increases with the lime content or basicity ratio and this 
procedure would produce a more fluid slag to absorb phos- 
phorus. When operating with slags of high basicity in order 
to intensify carbon pickup and sulphur reduction, a_ high 
silicon loss can be expected, however. The maintenance of 
the coke bed throughout these experimental heats is another 
critical consideration. 

2. Has the possibility of adding oxygen by means of a 
lance through the tuyeres at certain intervals been consid- 
ered? I realize that it would produce a higher metal tempera- 
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ture which might not be desirable but, on the other hand, it 
would produce a more oxidizing condition which is de- 
sirable. Furthermore, when operating with low silicon con- 
tent charges, it would open up the viscous slag in front of 
the tuyeres by producing better combustion in the cupola, 
thus making easier to manipulate the slag. The slag itself 
would be in a better physical state to absorb more phos- 
phorus pentoxide. Also it would aid in the transfer or oxi- 
dation of the phosphorus in the iron to phosphorus pent- 
oxide in the slag. 

Despite the theory calling for strongly reducing conditions, 
the introduction of plant air with its 20 per cent oxygen as 
a carrier or pressure agent for burnt lime injections pro- 
duces no detrimental effects in basic electric furnace desul- 
phurizing of high sulphur bearing iron. The important fac- 
tors are the ability to change the slag metal interface for 
sulphur absorption, producing a foamy, rolling slag rather 
than a strongly carbidic, dead slag, and the added possibility 
of transferring sulphur out of the bath as sulphur dioxide 
when air (or oxygen) is used as the lime carrier. 

It might be considered unusual that dephosphorization can 
take place in the relatively high temperature of electric fur- 
nace steelmaking compared to cupola melting. The difference 
is explained by the higher oxidation level and the lower 
carbon content of steel. Review of the total carbon and 
phosphorus values given in Table 2 show that usually where 
the carbon was low the phosphorus was relatively low too. 
Progressive oxidation was playing a big part in the series of 
heats studied. 


2 The Carborundum Co., Niagara Falls, N. Y. 
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NICKEL ALLOY CASTINGS 


J. T. Eash* and G. L. Lee** 


ABSTRACT 


Graphitic nickel containing 1-2.5 pet carbon, 2 pet silicon, 15 
pet manganese, and 0.05-.10 pct magnesium in excess of sulfur 
‘ is a readily produced casting alloy. Due to the magnesium con- 
tent, the graphite occurs in spheroidal form and results in an 
alloy having good mechanical properties coupled with excellent 
resistance to galling. This material has a tensile strength of 
some 60,000 psi with 22 pet elongation and a fatigue ratio of 33 
pet. The addition of 2-4 pct tin causes an increase in the yield 
strength with some loss in toughness and further improves the 
anti-galling characteristics. 


Engineers are frequently confronted with the neces- 
sity of using a cast material that possesses both cor- 
rosion resistance and anti-galling properties. Nickel is 
well known for its good service where the former re- 
quirements are needed. While pure nickel does not 
have very good resistance to galling, it can be alloyed 
so as to give excellent performance in moving parts. 
Graphite has been used in several alloys to impart 
lubricating characteristics and it has the same effect 
on cast nickel. By controlling the amount and shape 
of the graphite particles and by using alloys for 
strengthening and improved castability, a high quality 
product is obtained. 

Newly developed graphitic nickel castings contain- 
ing 1-2.5 pct carbon, 2 pct silicon, 1.5 pct manganese 
and 0.05-0.10 pct magnesium in excess of sulfur can be 
readily produced and the effects of moderate varia- 
tions in chemistry are not very pronounced. Informa- 
tion will be presented on the production of this alloy, 
and its mechanical properties and resistance to wear 
and galling. 


Melting and Casting Practice 


Most of the alloys studied in this investigation were 
melted in an induction furnace with a clay graphite 
crucible; however, a few were made in a basic-lined 
direct-arc furnace. Carbon was added to the charge 
by means of a master alloy of carbon-nickel of known 
analysis or in the form of graphite. Very close control 
of the composition was majntained with the former 
method by following a straight melting and deoxida- 
tion practice. When graphite was used, about 125 pct 


* Metallurgical Supervisor and **Research Metallurgist, Re- 
search Laboratory, The International Nickel Company, Inc., 
Bayonne, N. J. 





of the desired carbon was charged with electro nickel 
and melted down. In the arc furnace melting, a con- 
venient method to control the higher carbon contents 
when adding graphite was to cover the bath with a 
lime-alumina slag, and by inspecting slag samples re- 
moved on an iron rod at intervals, it was possible to 
tell when the graphite had gone into the nickel by its 
absence from the slag. In some cases this required 
holding the melt at about 2800 F for 1 hr. With the 
induction furnace, the carbon content was controlled 
by the use of master alloys or by definite heating 
cycles when graphite was added. 

When the carbon was in solution, about one-half 
the desired silicon and all the manganese were added 
together and stirred. Silicon and manganese metals 
were used in both cases. Any other desired alloy addi- 
tions were then made. The heat was treated with 
0.05-.15 pct magnesium as 66 pct magnesium 34 pct 
nickel by plunging it into the melt with an iron rod. 
A final addition of the balance of the silicon was made 
to clean the surface of the heat and improve the mag- 
nesium recovery. 

A pouring temperature range of 2450 F to 2750 F 
depending upon the section size of the casting was 
found satisfactory. The castability of these nickel 
alloys was excellent over this temperature range. This 
material has a pattern shrinkage of 14 in. per ft, the 
same as other high nickel alloys. Riser and gating 
practice should be rather generous to provide ade- 
quate feeding. 

Green synthetic sand or dry synthetic sand mixes 
giving molds with a permeability of 50 or more work 
well with these alloys. High moisture content in green 
sand or high oil content in poorly baked cores have 
at times caused porosity and should be avoided. 

Cast to shape tensile bars were produced for the 
present study using the four-bar Eash! pattern with 
the bars arranged in a square with a heavy riser at 
each corner and a central pouring sprue connected to 
each corner by diagonal runners. For a measure of 
soundness obtained, a bushing 214-in. O.D. x 3%-in. 
wall x 4-in. long was made and tested under air 
pressure of 100 psi. Other castings such as rotary 
pump parts, liners, gears, plungers, gate valves, and 
pipe fittings have been produced having sharp defini- 
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Fig. 1—Flake graphite in magnesium-free alloy No. 1. 


Ve 


tion and excellent surface finishes by using the prac- 
tice described. 
Microstructure and Tensile Properties 

In magnesium-free cast nickel containing | pct car- 
bon, 2.30 pct silicon and 1.5 pct manganese the graph- 
ite occurs in flake form as shown in Fig, 1. This alloy 
will have a tensile strength of about 35,000 psi with 
8 pct elongation. According to Kihlgren? an increase 
in carbon causes a decrease in strength and ductility 
as shown in Fig. 2. This material is easy to cast and 
machine and has good resistance to galling, but it does 
lack the toughness and strength desired in some appli- 
cations. A minor improvement is obtained by raising 
the manganese content. Likewise if the carbon con- 
tent is lowered, better mechanical properties are ob- 
tained; however, then the anti-galling characteristics 
are diminished. 

When magnesium is added, the graphite becomes 
compacted and may exist in various forms depending 
upon the amount of magnesium and other elements 
present.*-4 With an insufficient amount of magnesium, 
the graphite will occur as a mixture of flake, nodules 
and spheroids with radial structure as shown in Fig. 
3, or as clusters of nodules as shown in Fig. 4; these 
heats contained about 0.009 and 0.011 pct magnesium 
respectively. The 0.009 pct magnesium melt had a 
tensile strength of 39,000 psi with an elongation of 9 
pct, which is some 10,000 psi higher than would be 
obtained had the alloy contained coarse flake such as 
illustrated in Fig. 1. At a magnesium level of 0.05-.10 
pct in excess of sulfur, the graphite is converted pre- 
dominately to the spheroidal form, Figs. 5 and 6, and 
tensile strengths of 60,000 psi and 25 pct elongation 
are obtained, as listed in Table 1. 

Part of the magnesium that is added to the nickel 
alloys is consumed by the formation of magnesium 
sulfide; however, unlike its behavior in cast iron, the 
sulfur is not purged from the melt. Consequently the 
residual magnesium content includes that combined 
with the sulfur and that needed to produce spheroidal 
graphite. The alloys listed in Table 1 and described 
by the various figures contained very low sulfur so 
that the magnesium contents given are practically in 
excess of the sulfur. Other melts that have been made 
containing higher sulfur showed that to obtain the 


553 


desired spheroidal graphite structure, the magnesium 
should exceed the sulfur content by a minimum of 
about 0.04 pct. It is desirable of course in the produc- 
tion of all nickel alloys to keep the sulfur content as 
low as possible. 

In addition to the graphite, there is present also a 
beta phase having a eutectic structure, which increases 
with the magnesium content as shown in Figs. 7 and 
8. The beta constituent forms in an interdendritic 
pattern and apparently contains a small amount of 
combined carbon, because the latter also increases 
with the magnesium content, as indicated in Fig. 9. 
It is believed that both the graphite and the beta 
phase have an important effect on the wear resistance 
of the alloys as will be described later. 

Comparison of Figs. 2 and 10 shows that the pres- 
ence of magnesium in cast nickel permits greater tol- 
erance in carbon content; for with the graphite in 
spheroidal form, the carbon may vary from | to 2.5 
pet and have little effect on the mechanical proper- 
ties. Spheroidal graphite has been obtained with mag- 
nesium contents as high as 0.5 pct; however the 
strength and particularly the ductility fall as shown 
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Fig. 2—Effect of carbon on properties of flake graphite 
nickel (Kihlgren). 
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Fig. 3—Flake, small nodules, and spheroids in alloy No. 
3 containing 0.009 pct Mg. Cyanide persulfate etch. 100x. 
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Fig. 5—0.06 pct Mg alloy No. 5. Cyanide persulfate etch. 
Mag. 100x. 
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Fig. 7—0.16 pct Mg alloy No. 11. Cyanide persulfate etch. 
Mag. 100x. 
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Fig. 4-—Nodular graphite in nickel alloy No. 4 containing 
0.011 pct Mg. Cyanide persulfate etch. 100x. 





Fig. 6—Radial structure of spheroids. Shown with polar- 
ized light. Mag. 500x. 
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Fig. 8—0.50 pct Mg alloy No. 16. Cyanide persulfate etch. 
Mag. 100x. 


Figs. 5-8—Spheroidal graphite structures in graphitic 
nickel castings of variable magnesium content. 
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TABLE 1—PROPERTIES OF GRAPHITIC NICKEL ALLOYS 





Mechanical Properties 











Chemical Analysis Charpy ; 
Yield, Ultimate, Elong., Impact,’ Graphite 
No. TC CC Si Mn Mg* Sn BHN psi psi % ft-lb Structure 
Magnesium Free 
1 1.15 .09 2.32 1.64 — — 90 13 Flake 
2 92 .06 2.23 1.41 — — 92 19,800 37,800 12 10 Flake 
Very Low Magnesium 
3 1.53 07 2.42 1.62 .009 — 107 24,400 39,700 7 9 Flake+-Nodules+ 
spheroids. 
4 1.47 .07 2.05 1.32 O11 108 Nodular 
0.06-.189% Magnesium 
5 .90 A5 2.31 1.32 063 — 110 24,900 60,750 27 Spheroidal 
6 .96 .20 1.92 0.95 14 — 118 29,300 60,000 22 28 cs 
7 1.89 33 2.03 1.59 10 — 114 25,800 60,000 27 
8 1.94 09 1.95 1.65 .09 — 112 25,700 58,500 22 
9 1.95 16 2.07 1.56 10 — 116 25,800 58,000 25 26 
10 2.30 24 1.89 1.49 14 — 124 26,700 54,000 15 26 
11 2.45 .26 2.01 1.60 .16 — 118 26,300 56,500 19 27 
0.18-.50% Magnesium 
12 1.61 34 2.04 1.53 18 — 122 28,000 60,000 19 28 Spheroidal 
13 1.57 45 2.02 1.54 .26 — 128 29,100 59,650 18 26 of 
14 .96 30 1.16 .89 .20 — 122 27,600 57,300 16 
15 .96 29 1.94 90 37 — 130 28,000 58,750 8 
16 1.59 32 2.28 1.35 50 — 148 31,800 44,000 4 y 
Low Silicon and Manganese 
17 1.05 30 > 47 21 —_ 122 26,200 54,200 17 Spheroids+- 
nodules. 
18 2.30 & (.25) 1.38 10 — 120 25,100 35,300 5 Spheroidal 
19 2.24 47 (.50) 1.38 .08 — 124 26,600 41,800 ll Nodules+- 
spheroids. 
Tin-Containing 
20 76 12 2.02 1.37 10 1.20 118 31,000 46,500 9 36 Spheroidal 
21 98 14 2.38 1.41 .06 2.56 146 36,400 65,000 14 21 Spheroids+ 
Nodules. 
22 89 10 2.02 1.34 .04 3.91 168 47,300 67,300 10 18 Nodules-+ flake. 
23 = (1.0) (2.) (1.5) (15) 9 (4) 150 44,800 80,300 16 Spheroidal 
24 91 2.) (1.5) (.15) 6.30 152 48,800 75,000 18 12 is 
25 86 2.) (1.5) 14 8.34 193 58,000 81,100 1] 5 
26 .87 (2.) (1.5) .23 10.16 209 63,000 81,300 : 4 


( ) indicates amount added. 

(1) Yield determined at 0.5% extension under load. 

(2) V-notched Charpy specimens used. 

(3) The sulfur contents of these alloys were very low, consequently the magnesium values quoted were practically in excess of sulfur. 
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in Fig. 11 due to the intergranular beta phase. For 
best results the magnesium should be held between 
0.05 to 0.10 pct in excess of sulfur with higher mag 














oe nesium being more desirable at the high carbon con 
°° 4 7 oY tents. 

O° Silicon and manganese have a strengthening effec: 

4 \ in the graphitic nickel. An increase from 0.7 pct sili 

X 50 Uitimate con 0.5 pct manganese to 2.3 pct silicon and 1.3 pct 

S Strength manganese raised the strength from 55,000 to 60,000 

S) psi as shown by melts 17 and 5 in Table 1. These ele 

40 ments do have a marked effect on castability as they 

9-22%CE are of considerable aid to fluidity. In heats that had 

2% S/ been made with just carbon and manganese, the dross 

15%Mn ing tendency of the latter was harmful and a silicon 





30 content in excess of 0.5 pct was needed to overcome 
this effect as shown in melts 18 and 19. 
All of the melts containing over 0.9 pct carbon, | 

























































































Liongation pct manganese, | pct silicon and .05-.15 pct magnes- 
x 20 { ium gave pressure tight bushings when poured in the 
v e range of 2650-2750 F. 
v The properties of graphitic nickel can be further 
¢ 10 improved by the addition of tin which has a harden- 
NY ing effect on the matrix.® Figure 12 shows that the 
Pie, yield and ultimate strengths increase progressively to 
10 pct tin in the 1 pct carbon alloys; however, the 
pet pee y 
Oo ductility decreases appreciably at the greater amounts. 
Oo 2 A 6 The tin also causes the beta phase to occur as a more 
Magnesium ~ Ye massive constituent instead of as an eutectic. Figure 
, a , 13 shows the microstructure of a typical tin-containin 
Fig. 11—Effect of magnesium in excess of sulfur on tensile Ne YE 8 
properties. nae 
Impact Resistance 
Impact tests were made using V-notched Charpy 
aie . specimens which showed the flake graphite nickel cast- 
190 gr ee ings to have 9-13 ft-lb impact resistance as compared 
2 —_ le to 26-28 ft-lb for the spheroidal graphite nickels. Vari- 
<0 ation in per cent carbon has little effect on toughness, 
= Lt as shown in Fig. 10. 
100 
Fatigue Strength 
Ultimate Strength The endurance limits of these alloys were deter- 
80 6 ts 2 mined on R. R. Moore rotating beam machines using 
both smooth and notched specimens. The smooth 
> 60 ° Yield — : ‘ Siebel. ae 
g — ; bars were machined to a radius of 3534, in. and a 
g Ao ° minimum diameter of 0.300 in. The other specimens 
S aot _| — 
20 ‘ a aes 
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Fig. 12—Effect of tin on properties of 1 pct carbon cast Fig. 13—Structure of 4 pct tin graphitic nickel alloy No. 


graphitic nickel. 23. Cyanide persulfate etch. Mag. 100x. 
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Fig. 14—Fatigue strength of graphitic nickel castings. 


had a square notch 4 in. wide reducing the section 
from 14-in. maximum diameter to 0.300-in. diameter 
at the base with a fillet of 0.002-in. radius. 

The results of the fatigue tests are shown in Figs. 
14 and 15. The smooth bars with spheroidal graphite 
exhibited an endurance limit of about 20,000 psi and 
the flake graphite specimens about 14,000 psi. For 
the square notched samples, those with spheroidal 
graphite had a fatigue limit of about 13,000 psi and 
the flake graphite type 12,000 psi indicating a greater 
notch sensitivity for the higher strength material. 


Gall Resistance 


When one undertakes the problem of determining 
the wear or gall resistance of a metal, he is imme- 
diately confronted with the question of the kind of 
test to be used. Due to the complex nature of the 
factors affecting wear, there is no single test applicable 
to all conditions. The best that can be done is to em- 
ploy a method simulating the specific conditions of 
service, and some say that the final answer can be 
obtained only by an actual field test. 

In making studies of the anti-galling characteristics 
of numerous alloys without any particular application 
in mind, several methods of test have been tried. One 
that we have found to be the most useful in distin- 
guishing between alloys whose gall resistance is not of 
the highest order is known as the plunger test. Re- 
sults from this method have been found to agree with 
the conclusions derived from other procedures and 
with service experience. 

The plunger test involves the use of three flat speci- 
mens pressed together under a known side load in a 
fixture and moving the center specimen between the 
two outer ones. The load required to move the sliding 
sample between the two fixed specimens under a 
preset side load is used as a measure of galling ten- 
dency. The fixture and specimens used are shown in 
Fig. 16. In conducting the test, the fixed side speci- 
mens A, 4 in. x 4 in. x 21% in., were carefully de- 
greased and placed in slots in the upper and lower 
plates B of the degreased fixture. The movable speci- 
men C, 4 in. x 4 in. x 1 in., was also degreased and 
sandwiched between the two fixed specimens perpen- 
dicular to them, permitting about 14 in. travel of the 
movable specimen through the fixed specimens. This 
results in a contact area of 14 in. square or 4 sq in. 
The nuts D on the spring studs, E, were closed finger- 
tight to hold the specimens in position during pre- 
loading. The partly assembled fixture was placed in 
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Fig. 15—Fatigue strength of graphitic nickel castings. 


the Amsler machine and the springs, F, loaded to a 
predetermined value by pressure on the loading plate, 
G. The nuts, D, were tightened finger-tight under 
load. The Amsler load was then released. In making 
the test, the preloaded fixture was laid on its side on 
the Amsler and the movable specimen pushed through 
the side specimens by means of a short ram, H. The 
displacement was read on the dial indicator, J, at- 
tached to the Amsler, and the load at various displace- 
ments was read on the Amsler dial, K. The specimens 
were finished by grinding in the direction parallel 
with the direction of motion in the test, using a car- 
borundum wheel No. AA-46-H7-V-10, 10-in. diam x 
34 in. wide. Grinding was done dry using a 0.0005-in. 
cut at 60 ft/min and about 0.032-in. transverse feed 
per stroke. 

Specimens of the same material were usually run 
against each other as this has been found to give a 
good indication of the anti-galling properties of an 
alloy. When dissimilar metals are mated together, the 
characteristics of the poorer usually predominate. 

In conducting the tests to be described, the fixture 
was assembled under a side load of 250-1000 Ib (1000- 
4000 psi) and the load-displacement curve obtained 
for a motion of about 14 in. The slope of the curve 
gave a relative measure of the gall -resistance of the 
alloy. The appearance of the specimens was studied 





Fig. 16—Plunger test apparatus. 
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Fig. 18—Plunger gall tests on graphitic nickel. 
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after the test and in general severely galled samples 
had steep load-displacement curves while the best 
alloys for resisting galling had flat or negative slope 
curves. 

Examples of the results obtained with several well 
known alloys are shown in Fig. 17. Leaded bearing 
bronze, chromium electroplate and cast silicon monel 
are used in many commercial applications requiring 
resistance to galling. The plunger test shows these 
materials to have flat load displacement curves. On 
the other hand, 0.40 pct carbon steel at 300 Brinell 
hardness and annealed 13 pct chromium steel are re- 
puted to have comparatively lower gall resistance. 
The plunger curves for these latter metals have steep 
slopes and the test specimens showed considerable 
galling. 

With the addition of carbon to cast nickel, its re- 
sistance to galling is markedly improved due to the 
lubricating action of the graphite; however, control 
of amount and form of the latter is important. The 
results of plunger tests in Fig. 18 show that a greater 
amount of spheroidal graphite is needed than flake to 
obtain comparable anti-galling properties. The flake 
graphite is more widely dispersed and has a greater 
surface area and thus provides more uniform lubrica- 
tion. Since the mechanical properties of the nodular 
graphite nickels are not affected appreciably by varia- 
tions in the carbon between | and 2 pct, there is no 
objection to the use of 2-2.5 pct carbon to obtain 
superior resistance to galling. 

The gall resistance of the tin-containing alloys is 
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Fig. 19—Gall tests on tin-containing graphitic nickel. 








— i ile lure 


ee ee a aa ee 


= @2 mic Ch ot tt mete 











{. T. Easu anp G. L. LEE 


TABLE 2—AMSLER WEAR TESTS 









440 RPM Disc 


400 RPM Disc 




















Mating Materials Diameter Weight Diamete: Weight 
- aes Total Change, Change, Change, Change, Appearance 
440 RPM Disc 400 RPM Disc _ Revolutions in. Mg in. Mg of Discs 
lin Graphitic Ni Steel 1,959,500 —.0001 — 28 0.0 —27.1 Smooth 
2.5% C Graphitic Ni Steel 1,649,300 0.0 2.0 0.0 om Ee Smooth 
lin Graphitic Ni Cin Graphitic Ni 2,009,600 —.0003 — 49 — .0008 —16.9 Smooth 
lin Graphitic Ni S-Monel 1,924,900 —.0003 —104.6 — .0002 —23.8 Smooth 
fin Graphitic Ni Nickel 280 Galled 
Nominal Compositions 
Name Cc Si Mn Sn Al Mg Fe Cu Ni Cr Condition BHN 
lin Graphitic Nickel ] 2 1.5 2.5 — 06 —_ — Bal. — Cast 145 
2.5% C Graphitic Ni 2.5 2 1.5 — — .06 — — Bal. — Cast 118 
S-Monel 09 4 0.9 — — 05 1.5 30.3 62.5 — Cast 340 
Nickel 09 02 18 — — 15 10 Bal. — Wrought’ 100 
3140 Steel 39 .20 65 — — — Bal — 1.25 0.60 Wrought 330 





exceptionally good. In the plunger test under a load 
of 4000 psi, the 1.5 and 4 pct tin alloys were resistant 
to scoring and galling and had flat loading curves sim- 
ilar to the bearing alloys as shown in Fig. 19. 

The data in Figs. 18 and 19 show that the combina- 
tion of spheroidal graphite and tin are very beneficial 
in producing a nickel alloy resistant to galling under 
the higher bearing loads. The 1 pct carbon flake 
graphite nickel was resistant to galling at 2000 psi; 
however, under 4000 psi it gave poor results, and 
even the addition of 2.5 pct tin to this composition 
was not beneficial. Likewise a tin-free 1.6 pct spher- 
oidal carbon nickel was not satisfactory. But with 
1.5-4 pct tin and | pct spheroidal carbon together, a 
gall resistant alloy was obtained. The combination of 
a strong and ductile matrix, harder beta particles and 
graphite lubricant existing in this material gives the 
requirements for good anti-galling properties. 


Amsler Wear Tests 


Additional information regarding the wearing char- 
acteristics of these alloys was obtained from a series of 
Amsler wear tests made under lubricated conditions. 
The procedure consisted of rotating together on their 
peripheries two discs 2.325 in. diam x 0.394 in. wide 
under a pressure of about 18,000 psi. The graphitic 
nickel was placed on the shaft of the machine rotating 
at 440 rpm while the mating specimen on the other 
shaft rotated at 400 rpm. The contacting surfaces 
moved in opposite directions. A turbine oil (speci- 
fication TS-916) having a Saybolt viscosity of 305 at 
100 F was used as a standard lubricant. Periodic 
inspections and measurements of the disc diameter 
were used for determining the amount of wear. A 
fine machine finish was placed on the nickel alloys, 
but specimens of SAE 3140 steel hardened to 330 
Brinell were ground with a Norton 38120-J wheel. 
The test results are summarized in Table 2. 

The tin-containing graphitic nickel in contact with 
itself and S-Monel performed excellently and showed 
very little wear. When run against annealed wrought 
nickel, seizure occurred quite rapidly, which demon- 
strates the disadvantage of a soft homogeneous metal 
in applications involving rubbing contact. Both the 
tin-free and tin-containing alloys were equally satis- 
factory against hardened steel. 

These tests confirm the indications obtained from 





the plunger method experiments. One can expect 
both types of graphitic nickel casting alloys to have 
generally good resistance to galling; however, it is be- 
lieved that the tin-containing material will be able to 
withstand greater bearing pressures due to its higher 
yield strength. 


Conclusions 


1. Cast nickel containing 1-2.5 pct carbon, 2 pct 
silicon, 1.5 pct manganese and 0.05-.15 pct magnesium 
in excess of sulfur has good mechanical properties and 
excellent anti-galling characteristics. 

2. The above alloy has a tensile strength of about 
60,000 psi with an elongation of 22 pct. Since the 
graphite is present in spheroidal form, moderate varia- 
tions in analysis have a minor effect on the mechani- 
cal properties. 

3. The addition of tin to this material causes an in- 
crease in the strength, a decrease in toughness, and 
an increase in resistance to seizure on rubbing contact. 

4. The tin-free alloy should contain 2-2.5 pct carbon 
to obtain the best anti-galling properties. 

5. An optimum combination of mechanical proper- 
ties and gall resistance is obtained in a tin-containing 
nickel composition of 1] pct carbon, 2 pct silicon, 1.5 
pct manganese, 2.5-4 pct tin, and 0.1 pct magnesium 
in excess of sulfur. 

6. These alloys can be easily cast into pressure tight 
shapes having sharp definition and good surface 
quality. 
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DISCUSSION 


Chairman: F. L. Riwpett, H. Kramer & Co., Chicago. 

Co-Chairman: J. G. Dick, Canadian Bronze Co., Ltd., Mon- 
treal, Canada. 

Recorder: W. L. Rupin, Elesco Smelting Corp., Chicago. 

Wm. Horan:' What advantages has this alloy over ‘S’ Monel 
and what type fracture does it exhibit? 

Mr. Lee: Both ‘S’ Monel and the graphitic nickels are excel- 
lent alleys for their corrosion and galling resistance. ‘S’ Monel 
is of course a much harder alloy, but the graphitic nickel alloys 
can be used where those containing copper cannot, such as in 
handling caustic and certain foods. The fracture is a dull gray 
color. With higher magnesium contents it exhibits a cup-type 
fracture and with low magnesium it looks about like gray iron. 

B. A. Mitten: What are the shrinkage characteristics as 
compared to ‘S’ Monel or Monel? 

Mr. Lee: These alloys have a lower solidification shrinkage 
due to the higher carbon content, than the Monels, but the 
pattern or lineal shrinkage is the same at 14 in. per ft. Cast- 
ings made with these alloys must be fed generously. 

G. H. BrapsHaw:* Did you use gas or oil type furnaces in 
making these alloys? 

Mr. Lee: We made a few heats in an oil type crucible fur- 
nace and found fairly short crucible life, a thing that most 
foundrymen complain about due to the quality of the crucibles 
and the high temperatures needed. High quality carbon bonded 
crucibles are advocated. 

CHAIRMAN RuippeLL: What is the effect of pouring tempera- 
ture on pressure tightness? 

Mr. Lee: All of the bushing type castings poured in the range 
of 2750-2450 F were pressure tight. A few poured between 2450 
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and 2350 F had laps and folds on the surface but were pressure 
tight on test. 

G. P. HALLiwe._t:* The amount of galling and the per cent 
of carbon seems to be inconsistent in the chart shown in Fig. 18. 

Mr. Lee: A | per cent level, the flake graphite alloys have 
better gall resistance than those with spheroidal graphite due to 
the wider distribution of the flakes; however, by increasing the 
amount of spheroidal graphite an alloy of superior gall resist- 
ance is obtained. For example the 1.6 per cent carbon spheroidal 
graphite alloy in Fig. 18 was inferior to the | per cent carbon 
flake graphite alloy, but on increasing the carbon to 2.5 per 
cent in the spheroidal form excellent gall resistance was ob- 
tained. 

Mr. HALLIWELL: Does graphite or magnesium impart the 
anti-galling? 

Mr. Lee: The graphite is responsible for the non-galling and 
the magnesium is responsible for the distribution of the 
graphite. Undoubtedly the beta phase resulting from the mag- 
nesium content also contributes to the anti-galling properties. 

J. T. MacKenzie: ® What is the weldability of this material? 

Mr. Lee: A limited amount of experience has been obtained 
on the welding of this material with satisfactory results. Based 
on these tests, no particular difficulty is expected. 

E. F. Trpsetts: ° What about the magnesium additions on re- 
melting? 

Mr. Lee: Since only a small amount is recovered on remelt 
ing, a full addition is made on each melt or remelt. 


1 American Crucible Products Co., Lorain, Ohio. 

2 Baldwin-Lima-Hamilton Corp., Eddystone, Pa. 

’U. S. Naval Shipyard, Philadelphia. 

*H. Kramer & Co., Chicago. 

5 American Cast Iron Pipe Co., Birmingham, Ala. 

® Wollaston Brass & Aluminum Foundry, Hingham, Mass. 














WAGE INCENTIVE FOR COST 


AND PRODUCTION 


CONTROL FOR INDIRECT OPERATORS 


By 


C. J. Pruet* 


In this paper the application of wage incentives to 
direct production operations has been purposely 
omitted. Only the application of a complete in- 
direct wage incentive plan for cost, quality and pro- 
duction control is considered. 


Definition of Indirect Work 


Indirect Work can be defined as that type of work 
which is required to indirectly assist, or service the 
employees who perform direct work, for example: an 
oiler, sweeper, repair man, janitor, clerk, stock man, 
supervision, etc. 

The Need for Indirect Wage Incentives — With 
more foundries becoming highly mechanized and 
with rising labor costs, it is becoming increasingly 
important for foundry management to give more of 
their time and attention to their maintenance and 
other indirect operations. It must be realized that 
any deficiencies on the part of indirect workers will 
lower the efficiencies of direct workers, if not stop 
them completely. 

Years ago management was content to apply wage 
incentives only to such operations as molding, core 
making, etc. However, with the rapid trend toward 
mechanization, there has been a tremendous increase 
in the importance and number of indirect operations. 
As a result of these technological improvements mod- 
ern foundry management demands a cost and pro- 
duction control incentive plan which can be applied 
effectively to all types of operations. Furthermore, 
enlightened production management demands an in- 
centive plan which provides a common yardstick by 
which it can compare accurately the performance of 
all indirect and direct operations within the com- 
pany. 

One of the best known means of reducing indirect 
labor costs, which in many cases is 50 per cent or 
more of the total labor cost, and at the same time 
improve the quantity of indirect service and mainten- 
ance is by the application of a sound wage incentive 
plan. The establishment of task standards for this 


* Chief Industrial Engineer, McWane Cast Iron Pipe Co., 
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type of work is a difficult task; however, experience 
has shown that the benefits are worth the extra 
trouble. 

A sound indirect wage incentive plan for cost and 
production control is one which will provide man- 
agement with a yardstick by which they can control 
indirect labor costs and services by more effective 
utilization of indirect man-hours, preventive main- 
tenance, and supervision. This indirect incentive 
plan must improve the performance of both indirect 
and direct operators by reducing delays caused by 
breakdowns, faulty operating equipment, waiting for 
material, etc. Obviously the indirect incentive must 
be tied in very closely with direct operations and 
performances. For modern cost and production con- 
trol purposes it is an important part of the direct 
incentive plan. 

The indirect workers and supervision have an op- 
portunity to increase their earnings by giving better 
than standard performance and service to the direct 
operations. This increase in earnings will eliminate 
the dissatisfaction caused by the difference in take- 
home pay between production incentive workers and 
indirect workers who have not had the opportunity 
to earn incentive pay in the past, 

One Type of Indirect Wage Incentive Plan De- 
signed for Cost and Production Control — This in- 
centive plan is an entire production and cost control 
system. More benefits and cost reduction are accom- 
plished by the control features than from the incen- 
tive features. The incentives feature is the oil which 
is added to make the production, costs and quality 
controls work smoothly and with real effectiveness. 

This incentive plan was first applied in the writ- 
er’s plant in 1937 in production departments. All 
direct and indirect operations in these departments 
were covered by the plan. This resulted in a sub- 
stantial increase in wages for the employees and a 
decrease in unit costs. In 1949, this plan was extended 
to our machine shop and general plant maintenance 
groups. In these groups there are normally about 75 
employees. The result of this application was a 15 
per cent savings of the entire maintenance payroll 
after the payment of premium earnings. This was 
achieved by the elimination of overtime which was 
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about 30 per cent of the maintenance payroll. 

The incentive plan is a standard minute plan. The 
merit of the plan lies entirely in the method of keep- 
ing track of work, delay time and performance of the 
various departments. The work to be performed is 
expressed in so many units of time, in this case a 
minute, becomes a common denominator for all per- 
formance in the company. Standard time or unit 
value per piece is derived from time study analysis. 


Work Units Defined 


The number of standard minutes, or work units, 
produced per hour is the rate at which the operator 
has performed. For example, if an operator pro- 
duced 60 work units (standard minutes) per hour, 
he has performed a 60 work-hour or 100 per cent 
efficiency. 

A standard indirect crew for a given operating con- 
dition and level of production is established. The 
required units of work and labor costs for the various 
classifications of this indirect crew is budgeted against 
the expected units of work and requirements of the 
direct operations. Therefore, the direct operations 
must be measured and incentive applied to them 
first. 

It is then an easy matter for the supervision to 
schedule the proper man-hours of indirect labor for 
any amount of direct production or equipment to be 
serviced, as he has a common denominator for de- 
termining the proper ratio and amount of indirect 
labor of the various classifications for the require- 
ments of the various direct operations. 

Where quality and yield is important, the incen- 
tive earnings may be partly based on a percentage 
basis. That is, if a yield of 90 per cent is the ex- 
pected amount from the raw materials used. The in- 
direct crew can earn extra pay for increasing the 
yield above 90 per cent. If a scrap loss of 5 per cent 
is the expected or inherent loss for a certain opera- 
tion or process, the crew can earii extra pay by hold- 
ing the loss below 5 per cent. The correct percentage 
figure can be determined by statistical quality con- 
trol analysis. 


Basis for Supervisory Incentive 


A part of the supervisory incentive is based on the 
level of performance of both the direct and indirect 
operators in the department. Lost time, rework, ex- 
cess handling, overtime increment, and other excess 
costs over which the supervision has responsibility 
and control are charged against the supervision in- 
centive. All supervisory and indirect operator in- 
centive earnings are based upon the performance of 
the entire department both indirect and direct. This 
includes quality, quantity, cost of lost time, overtime 
increment, rework, excess handling, etc. 

If the supervisory and indirect operator incentive 
plan is really effective, the incentive earnings for a 
really good performance must be sufficiently high to 
permit a bite in the take home pay of a poor per- 
formance to be really felt. Operators and supervisors 
cannot be expected to consistently give their best per- 
formance unless the reward is ample, tangible, fair. 
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Procedure of Applying Indirect Incentive 


In a typical department, method and time studies 
are made on all indirect operations to determine the 
standard crew required and the most practical work 
load for each member of the indirect crew. The 
studies must be long enough in time, to cover average 
conditions. 


Summary of Time Study Made of Harness Tester—8-hr Study 


Operation Total Work Units 
Po Ee ae eee ae oe Oe eee 82. w. U. 
ec case ce h wane bee d ane weeee oe 38. w. U. 
Relief duties (3 other workers for lunch) ....... 90. w. U 


er 210. w. vu. 
Idle time during study 291 minutes 
210 — 8 = 25 work-hour or 42 per cent of a fair days work. 


Summary of Time Study Made of Pipe Weighman—8-hr Study 


Operation Total Work Units 
Be PE ID 5 scence s¥eccspincenccians 204. w. u. 
ON a ES See Terr Cer ee rr 47. W. U. 
NE  o:66 es wiaiew tin digas sdeeesdensewuseees 72. Ww. U. 


Idle time during study 254 minutes 
323 — 8 = 40 work hour or 67 per cent of a fair days work. 


Summary of Time Study Made of Pipe Inspector—8-hr Study 
Operation Total Work Units 
PE ID kisivecsadedecetncenndnesesdxemees 157. w. U. 
errr yr eee 


Idle time during study 333 minutes 
163 — 8 = 20 Work-Hour or 33 per cent of a fair days work. 


Work load for one operator performing all three operations 
after the method of stenciling and recording was improved 


Operation Total Work Units 
Be Ne I Fe bcc c cw cnnccecsnes wrtensae 217. w. U. 
Record Number of Pipe and other data ........ 50. w. U 
DE UO ais oth cwrsteecscatecsosacawns coos 22.W.U. 
Inspect Pipe and Test Hardness ..............-- 298. w. u. 
Supervise Workets On LIne «2... 6.20. .ccccccccss 6. wW. U 
IES eed «anaes 593. w. vu. 


593 — 8 = 74 Work-hour or 123 per cent of a fair days work. 


Note: Since 2 men were removed from the job there is now 60 
minutes less relief work. The remaining 30 minutes relief work 
was given to another operator. By combining the jobs there was 
a savings of over 14 man-hours per day. The remaining operator 
can now earn 23 per cent more pay for the same number of pipe 
put through the line. 


On many other indirect operations, it will be found 
that incentive rates can be applied in exactly the 
same manner as any typical direct operations. Such 
operations would be trucking pipe from one runway 
to another, hauling sand from bin to molder, etc. 

On other indirect operations, because of the ex- 
treme variations it is difficult to measure the work 
and establish performance standards. This is the type 
of indirect work we will discuss. 

The next step is to establish an indirect budget. 
This budget consists of an allowance of a specific 
amount of indirect service for a specific amount of 
direct production and for a specific operating condi- 
tion. It must be emphasized that this budget must 
be kept current because no incentive plan is better 
than its maintenance. This budget is based on data 
obtained from time-study analysis of all indirect and 
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Fig. 1—Weekly Analysis Sheet 


production operations. To establish this budget, a 
factor or ratio, is calculated by which the weekly 
earned allowance of standard indirect work units 
(standard minutes) of work, the standard indirect 
cost, and standard allowed hours, for the various in- 
direct classifications is determined. 

It must be emphasized again that this ratio must 
be realistic and have real meaning. For example, if 
it is determined that 8 man-hours of maintenance 
work is actually required to properly service a pro- 
duction unit for a given level of production this is a 
true ratio. However, on the other hand, incentive 
for washing windows probably could not be properly 
applied on a ratio basis. The reason being that the 
amount required of man-hours per week for washing 
windows will vary little regardless of the level of 
production by the direct operators. 

The window cleaning operation for incentive wage 
payment purposes would be applied in the same man- 
ner as a direct production operation i.e., a standard 
time is established for cleaning the windows on a per 
occurrence basis, with the number of occurrences per 
week or per month specified. 


Example of how an Indirect Budget is established— 
If in a department there are 50 direct employees and 
10 indirect employees, the expected output of the 
direct operators is 160,000 work units or standard 
minutes of work per week. The required amount of 
indirect labor to service the direct operators from 
time-study analysis is 26,400 standard minutes of 
work. 

The Standard Indirect Factor is .165 Indirect Work 
Units for each expected direct work unit. This factor 
is multiplied by the total direct work units actually 





Aetwal | 


Actual 


CALCULATION OF FACTOR FOR DETERMINING AMOUNT 
OF EARNED INDIRECT WorK UNITs FOR WEEK 








Standard 

Required Standard Expected Indirect 

Classification Indirect Units Direct Units Factor 
Lead Man 2,600 as 160,000 = 0163 
Electrician 2,600 + 160,000 = .0163 
Millwright 2,600 + 160,000 = .0163 
Flask Man 2,600 + 160,000 = .0163 
Oiler 2,600 ™ 160,000 = .0163 
Cupola Liner 2,600 am 160,000 = .0163 
Cupola Helper 2,600 + 160,000 = .0163 
Ladle Liner 2,800 «fe 160,000 = .0175 
Bed Burner 2,600 j- 160,000 = .0163 
Clean up Man 2,800 160,000 = 0175 
Total = .1654 





produced and shown in Column 7 of the analysis 
sheet (Fig. 1) to get the standard earned indirect 
work units. 


Note: The 160,000 direct work units used in the 
above calculation of the standard indirect factor is 
an 80 work-hour performance for the direct opera- 
tors. This is also the average level of expected per- 
formance, and is, therefore, used in calculating the 
standard indirect cost per 1,000 direct work units, 
and the factor for determining the standard allowed 
indirect hours. 
Time Keeping Procedure 


In order to calculate the performance and earnings 
of direct and indirect workers, and the supervisory 
force, all direct and indirect production, hours 


worked, delay time, day work, rework, etc., are re- 
ported to the payroll department on daily time cards 
by time and production checkers, who actually count 
pieces produced, check and report lost time, scrap, 
rework, etc. 
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Fig. 2—Posting and Pay Roll Sheet 
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CALCULATION OF STANDARD INDIRECT Cost PER 1,000 


Direct Work UNITs 











. Expected Std. 

Std.Ind. Base Department Work Ind. 

Classification Factor Rate Performance Units Cost 
Lead Man 0163 x $210 + 80 x 1000 — §$ .499 
Electrician 0163 x 2.00 — 80 x 1,000 — 407 
Millwright 0163 x 190 =~ 80 x 1000 — 387 
Flask man 0163 x 190 — 80 x 1000 — 387 
Oiler 0163 x 140 + 80 x 1000 — .285 
Cupola Liner .0163 x 1.80 ~ 80 x 1,000 = .367 
Cupola Helper .0163 x 150 + 80 x 1000 = 306 
Ladle Liner 0175 x 165 +— 80 x 1,000 = 361 
Bed Burner 0163 x 146 — 80 x 1,000 — .298 
Clean Up Man .0175 x 1.25 =~ 80 x 1,000 = 273 
Total — $3.499 


$3.50 — Standard Indirect Cost per 1,000 direct minutes 

(Work Units) 

This Standard Indirect Cost figure is posted on the weekly 
analysis sheet (Fig. 1) at the top of Column 28 under the head- 
ing “Cost Per 1,000 Work Units.” 





CALCULATION OF FACTOR FOR DETERMINING THE 
ALLOWED STANDARD INDIRECT HOURS FOR THE VARIOUS 
CLASSIFICATIONS FOR 1,000 Direct Work UNITS 














Std. Indirect Expected Work Std. Ind. 
Classification Factor Performance Units Factor 
Lead Man .0163 jo 80 x 1,000 = .204 
Electrician .0163 <j 80 x 1,000 = .204 
Millwright .0163 He 80 x 1,000 = .204 
Flask Man .0163 ™ 80 x 1,000 = .204 
Oiler .0163 of 80 x 1,000 = .204 
Cupola Liner .0163 + 80 x 1,000 = 204 
Cupola Helper .0163 + 80 x 1,000 = .204 
Ladle Liner 0175 «fe 80 x 1,000 = .219 
Bed Burner .0163 7 80 x 1,000 = .204 
Clean Up 0175 + 80 x 1,000 = 219 

Total = 2.070 


The standard indirect factors are posted on the weekly analysis 
sheet (Fig. 1.) under the proper classification headings, which 
are under the general heading analysis of indirect hours. The 
factors for the various classifications are multiplied by the total 
direct work units in Column 7 (Fig. 1) to get the allowed hours. 





Operators who produced strap castings are not 
allowed credit for producing them. The base pay and 
premium earnings of the direct operators along with 
the base pay of the indirect operators are then cal- 
culated. This detailed data is recorded on a Payroll 
Posting Sheet (Fig. 2) under the proper headings. 


Posting and Payroll Sheet 


The Posting and Payroll Sheet (Fig. 2) is a sum- 
mary sheet showing the daily performance and earn- 
ings of each operator in a department. At the end 
of the week, the daily earnings are totaled up to get 
weekly earnings. The Posting Sheet is displayed in 
a prominent place in the department each day to 
show the previous day’s earnings and performance. 

It gives the operator a daily opportunity to check 
his performance against the standard of 60 units of 
work per hour. It also gives che operator the oppor- 
tunity to compare impartially his performance with 
the performances of other operators. 

A worker quickly realizes that he has no standing 
with his fellow workers if his is in the red. That is a 
powerful incentive to keep operators from going in 
the red. 
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The Posting Sheet is also a service to Supervision— 
It allows the supervision to pick out those operators 
who do not measure up to standard. Frequently, 
these operators can be assigned to other operations 
to which they are better suited thus accomplishing 
the double service of salvaging a job for them and 
eliminating a labor loss for the company. The Post- 
ing Sheet is also a permanent record of the operators 
daily performance. 

Lost time expenses such as “waiting for work,” 
breakdowns, re-work, process allowance, excess hand- 
ling, etc., can be quickly spotted and measures can 
be taken to correct these losses whenever possible. 

At the end of the week or pay period, the data on 
the Posting Sheet (Fig. 2) are totaled and transfered 
to the Analysis Sheet (Fig. 1), on which calculations 
are made to determine actual indirect incentive earn- 
ings, performance of both direct and indirect labor 
and effectiveness of supervision for the period. 


Weekly Departmental Labor and Cost Analysis Sheet 


The Weekly Departmental Analysis Sheet (Fig. 1) 
is a summary sheet compiled for each department. 
It shows accurately and in detail the departmental 
direct labor and indirect labor performances together 
with the direct and indirect costs. Excess costs and 
lost time are also shown on the analysis sheet. It 
serves as a barometer in that it enables management 
and supervision to note the effectiveness of depart- 
mental performance, where labor costs can be con- 
trolled and presents on an equitable basis a com- 
parison of the performances of different departments 
and divisions of the company. 

Excess costs and lost time are the responsibility of 
the foreman and management. It is with these costs, 
the analysis mainly deals. 

Intelligent use of the analysis by the supervision 
for controlling labor costs and waste is absolutely 
essential for good management. 

By refering to the supervision effectiveness shown 
and then tracing variations back through the cost 
percentages to the totals used and, thence to the Post- 
ing Sheet (Fig. 2) and daily time cards (Fig. 3), the 
foreman can find out exactly what occasioned the 
conditions indicated and take steps to encourage or 
prevent their recurrence. 

All this should be done in any incentive plan but 
here it is a part of the plan itself and hence, never 
omitted. 
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Technique in Using Weekly Departmental Analysis 
for Cost Control— The use of the analysis (Fig. 1) 
for noting the performance in a department can be 
made by studying the data shown under the various 
headings: 

1. Column | shows the total department employ- 
ees. This figure is calculated by dividing the total 
hours worked by both direct and indirect operators 
by the hours in the standard work week. 

2. Column 2 shows the average number of direct 
operators in the red or below standard each day. 

3. Column 3 shows the hours spent on measured 
work. This figure does not include idle time, rework, 
indirect, or unmeasured time. These data are taken 
from the daily time cards, Fig. 3. 

4. Column 4 shows the number of lost time hours 
for which the supervision is responsible. These data 
are taken from the daily time cards. 

5. Column 5 shows the number of lost time hours 
for which the supervision is not responsible. These 
data are taken from the daily time cards. 

6. Column 6 shows the total of columns 3, 4 and 
5. The difference in the two figures is column 5; it 
is not included in the bottom figure. The above 
figures are taken from the daily time cards. 

7. Column 7 shows the total Direct Work Units 
and Unmeasured Minutes. These figures are taken 
from the daily time cards, 

8. Column 8 shows rework and excess handling 
and cleaning time in minutes. 

9. Column 9 shows the total direct measured work 
units only. These figures are taken from the daily 
time cards. 

10. Column 10 shows the direct work hour. This 
is the average number of direct work units produced 
per man-hour. It is the net total work units shown 
in Column 9, divided by the total hours in Column 
6. 

11. Column 11 shows the actual indirect hours 
worked by all classifications of indirect labor. This 
figure is taken from the daily time cards. 

12. At the head of Column 12 is shown the in- 
direct factor. The total direct work units in Column 
7 is multiplied by this factor to get the standard 
earned indirect work units shown in this column. 

13. Column 13 shows the indirect work hour. The 
indirect work hour is the average number of indirect 
work units produced per indirect man hour. This 


Fig. 3—Daily Time Cards 
















































































































































































Clock Ne. 200 Neme John Doe B.R.1.80 Dept. S.P. Oeste 11-5-52 Clock No. 210 Neme John Jones B.R. 1.60 Dept. Joint Dete 11-5-52 
mow | Se | sage |ompse| OPERATION | vu | us | Faue oe ars we. “S| “ = OPERATION | ree | Quen. | Value — la LS Labor Oust 
6:00 |8| | | i 7100 § _ 
epee > | | wane 4" AB Tee Core (8:50 | F/ 60 [429 255 | | |7.65 _____| __|259|_|_‘Wait om pipe Boor | | |6o! | |a.co. 
he | Make 6" AB Cross Cor® 1:10 F/3k /9.00 306 | | | 9.18 159 150 Face 6" M.J. Pipe 21157} 80/ 564496 | | [112.09 
|B | Make 8" Solid Sleeve 2:30 ‘¥/20 [8.29 a | 2-46 159 Clean out water pit 2255 Fr) | | ko} 1.07 
| | | a = 159 2 Get of2 & reamer 30r 2/254 25 | | ho 
| | fel BE /159 Repair Machine 31307) | | | lal oss 
hd | | es a no | | 
| = | fel | aa | | | cm |_| 
r| a | } | lr | 
|__| J | mum fe @ | 
tam | See | get | eee | Poeee| otek, torus | 61,4 | frerd omer | ES | el ee] | oe. | rors ly32/60| [60 V4.6? 
8 643 |80 | 163 B4.89 $19.29 8 551 | 69| 72 /$1.89 $14.69 
Form Bros - Ferm F a SST La ther Bros 









































C. J. PRUET 


figure is arrived at by dividing the indirect work 
units shown in Column 12 by the actual hours 
worked shown in Column 11. 

14. Column 14, Total Work Hour. The Total 
Work Hour is the total of direct and indirect work 
units divided by the total direct and indirect hours. 
Che figures in Columns 9 and 12 are added and 
divided by the total hours in Columns 6 and 11. 
This index figure is a weighted average performance 
of both indirect and direct. 

15. Column 15 shows the cost per standard dollar. 
This is a unit figure showing the excess cost existing 
in the total payroll over what should have been 
paid under standard or correct operation. A cost per 
standard dollar of $1.05 indicates that on each dol- 
lar which was paid in the payroll, an excess of 5 
cents was actually paid out. This figure is arrived at 
by dividing the actual costs in Column 29 by the 
standard cost figure shown at the top of the column. 

16. Column 16—The Department Effectiveness is 
an index figure indicating the overall effectiveness, 
which is the total work hour shown in Column 14, 
corrected by percentage of excess cost shown in Col- 
umn 15. For control purposes this is important be- 
cause it is possible for a department to operate at a 
high work hour and yet have a large excess cost in 
the form of process allowance, rework, lost time, ex- 
cess cleaning, etc. The department effectiveness is 
calculated by dividing the total work hour by the 
cost per standard dollar. The top figures in Columns 
14 and 15 are used in making the calculation. 

17. Column 17 — Supervision Effectiveness, The 
only difference in this index figure and the depart- 
ment effectiveness index figure is that the supervi- 
sion is not charged with the lost hours in Column 5. 
This is the figure on which the supervision and in- 
direct operators are paid incentive earnings. This 
index is calculated by dividing the total work hour 
by the cost per standard dollar. The bottom figures 
shown in Column 14 and 15 are used in making the 
calculation. 

18. For control purposes, management should com- 
pare department and supervision effectiveness figures 
with preceding periods and note whether there has 
been an improvement or retrogression. If there has 
been a retrogression in Department Effectiveness, 
look to Columns 14 and 15 showing the total work 
hour and the Cost Per Standard Dollar respectively, 
and note which of these two items show the greater 
loss. (In some cases both are losers.) 

19. A lower tendency of the total work hour shown 
in Column 14 can be traced either to the direct or 
indirect by noting the Direct Work Hour in Column 
10 and the Indirect Work Hour in Column 13. The 
occasion for a lower direct work hour can be identi- 
fied by noting Column 2, showing the employees 
below 60 work hour and Columns 4 and 5 showing 
lost hours. The low indirect work hour can be fur- 
ther traced by noting the distribution of the various 
indirect functions in Columns 30 to 43. In Columns 
44 and 45, a comparison is shown between the total 
indirect hours actually worked and the standard 
hours allowed. 

20. A retrogression in the Cost Per Standard Dol- 


567 


lar shown in Column 15, can be traced in Columns 
27 and 28 showing the actual direct and indirect 
labor costs. The reasons for the Actual Direct Labor 
Cost Per 1000 Direct Units being greater than the 
Standard Direct Labor Cost are as follows: 

(a) Operator performance being less than 60, re- 
sulting in cost per unit to equal 60. See Column 2. 

(b) Lost hours shown in columns 4 and 5. These 
lost hours are caused by waiting for material, break- 
downs, improperly operating equipment, poor qual- 
ity material, rework, etc. 

(c) Base rates of operators being greater than the 
base rates set up for the jobs. 

(d) Payment of overtime increment. 

The reasons for the Actual Indirect Labor Cost 
Per 1000 Direct Units being greater than the Stand- 
ard Indirect Labor Cost are as follows: 

(a) Indirect Work Hour being less than expected 
80. 

(b) Indirect operator base rates being greater than 
the base rates set for the job. 

(c) Payment of overtime increment. 

(d) Actual indirect hours shown in Column 44, 
being greater than allowed indirect hours shown in 
Column 45, 

21. Column 18 — Percent of Unmeasured Time. 
As the effective results of this time is unknown and 
frequently is the source of loss, it should be kept as 
low as possible. ‘The per cent of unmeasured time is 
calculated by dividing the unmeasured hours by the 
total department hours. 

22. Column 19-—-Unmeasured Hours are bonafide 
direct labor hours for which incentive standards have 
not been established. This time is taken from the 
daily time cards. 

23. Column 20 on the Analysis Sheet shows the 
actual cost of lost time hours shown in Column 4 
and 5. 

24. Column 21 shows the amount paid out in the 
total payroll above the amount which should have 
been paid. With the department working normally, no 
lost time, all workers producing at a 60 work-hour 
or above, all jobs assigned to workers who bear the 
base rates for those classes of work, and the indirect 
functioning within its correct limits in relation to 
the direct, there will be no losses. (Upper line = 
Column 29 upper line — Std. Cost per 1000 direct 
work units & Column 9). (Lower line = Column 29 
lower line Std. Cost per 1000 direct work units x 
Column 9). 

25. Column 22 shows actual cost of all direct oper- 
ations on incentive. Includes base pay (which covers 
money paid for lost time), and premium pay. The 
difference in the two figures in this column is the 
amount of direct premium. 

26. Column 23 shows cost of unmeasured time. 
This cost is taken off the daily time cards. 

27. Column 24 shows indirect labor cost. The 
top figure includes the premium for the previous 
week. Lower figure does not. 

28. Column 25 shows the total payroll for the de- 
partment, Columns 22 plus 23 plus 24. Upper figure 
includes all premium. Lower figure shows base pay 
only. 





5638 


29. Column 26 shows the standard direct cost for 
1,000 direct work units. Column 22 upper line — 
(Cost of Columns 2 + 4 + 5) + Column 9 x 1,000 
= Column 26. 

30. Column 27 shows the actual direct cost for 
1,000 direct work units. This figure is calculated by 
dividing the cost of measured work shown in Col- 
umn 22 by net work units in Column 9 x 1,000. 

31. Column 28 shows both the standard and actual 
indirect cost for 1,000 work units. The standard cost 
($3.50 in this case) is shown at the head of the col- 
umn. The actual cost ($4.50) is calculated by divid- 
ing the cost of indirect labor shown in Column 24 
(lower figure) by the total direct work units shown 
in Column 7. (Note: The Difference in the upper 
and lower figure in Column 24 is the top figure in- 
cludes premium earnings for the previous week. The 
lower figure shows base pay only.) 

32. Column 29 shows the total standard and actual 
cost for 1,000 direct work units (both direct and in- 
direct). At the head of the column is shown the 
standard cost, ($28.97 in this case). Under this head- 
ing are shown two actual cost figures. The upper 
actual cost figure, ($30.40 in this case) includes the 
cost of lost hours shown in Columns 4 and 5. The 
lower figure ($30.20) does not include the cost of 
lost hours shown in Column 5. The department sup- 
ervision is responsible only for the lower cost fig- 
ure. The upper actual cost is calculated by adding 
the actual direct cost of $25.90 shown in Column 27 
to actual indirect cost $4.50 shown in Column 28. 
This equals $30.40. The lower figure is calculated 
by adding actual direct cost of $25.70 shown in Col- 
umn 27 to actual indirect cost of $4.50 shown in 
Column 28. This equals $30.20. (Note: In all cases 
where two figures are shown in a column the lower 
figure is the one which the department supervision 
is responsible for.) 

33. Columns 30, 32, 34, 36, 38, 40 and 42 show 
the actual hours worked by the various indirect classi- 
fications. 

34. Columns 31, 33, 35, 37, 39, 41 and 43. At the 
head of each column, the indirect factor is placed. 
The factor is the measure of the amount of indirect 
hours required per 1,000 direct work units. This 
factor multiplied by the direct work units shown in 
column 7 equals the allowed indirect hours for that 
classification of labor. The allowed hours are shown 
under the various headings. 

35. Column 44 shows the total indirect hours 
worked by the various classifications. 

36. Column 45 shows the total allowed indirect 
hours for the various classifications. At the top of 
the column is shown the total standard factor. This 
factor multiplied by the total direct work units in 
column 7 equals the total allowed hours. 

The advantages of the Wage Incentive Plan can be 
summarized as follows: 

(a) It is a yardstick for measuring and compar- 
ing performances of all types of operations and de- 
partments in the company. 

(b) It provides controls over quality, quantity, re- 
work, lost time, safety, good housekeeping, mainten- 

ance, supervision, etc. 


WAGE INCENTIVE FOR INDIRECT OPERATOR 


(c) It legitimately eliminates the complaints of in 
direct employees about the difference in their tak: 
home pay and that of the direct employees working 
on incentive jobs. 

DISCUSSION 

Chairman: DEAN VAN OrbeR, Burnside Steel Foundry Co 
Chicago. 

Co-Chairman: J. J. Farkas, Cincinnati Milling Machine Co. 
Cincinnati. 

Joun Taytor:* How many hours per week is required to 
post all these analysis reports? 

Mr. Pruet: This work requires three full time clerks in the 
Payroll Department. We also have eight Production and Tim« 
Checkers in the plant whose duties are to count and record all! 
pieces produced, record all lost time and the cause of the lost 
time, etc. 

RicHARD WALTHER:* Any Incentive Plan necessarily has to 
be simple so the men can understand it. Did you have a selling 
plan in making the men understand how to make out their 
own bonus earnings? 

Mr. Pruet: The direct incentive earnings are easy to deter 
mine. It is the rate per piece times the good pieces produced. 
However, the indirect incentive is not so simple. Premium 
pay for indirect workers is earned only when both the direct 
and indirect workers have performed efficiently. This was a 
little difficult to explain at first. However, the men soon 
learned the level of output and performance at which the 
department must operate for a given amount of incentive pay. 

Co-CHAIRMAN Farkas: Since indirect incentive earnings under 
your plan are a function of production effectiveness, what 
measures do you take to protect indirect workers against poor 
performances by producers? 

Mr. Pruet: Since our indirect incentive is a group plan, it 
has all the bad features of group plans, that is, if some mem 
bers of the group do not produce, the entire group suffers 
accordingly. The only action we take is to try to eliminate the 
cause of low performance by the production operators. If pro- 
duction is low, no incentive pay is earned. If costs are too 
high no incentive pay is earned. Any sound incentive plan is 
based on the principle of payment for results. Indirect workers 
and supervision earn incentive pay only when the entire depart- 
ment, both direct and indirect, has performed at an incentive 
pace. 

LauURENCE HANSEN: * How is a mechanical breakdown charged 
in this system? 

Mr. Pruet: Lost time hours and costs of all mechanical 
breakdowns are charged against the indirect worker’s and 
supervisory budget. If a breakdown occurs on a production 
machine the lost time is charged against the production de- 
partment and the Maintenance Department. They are held 
jointly responsible. This prevents “buck passing” and _pro- 
motes cooperation. 

L. C. Getsincer:* (1) How far up is supervision affected by 
the incentive plan? (2) Does this incentive encourage super- 
visors to fight for loose standards? 

Mr. Pruet: (1) The incentive plan covers all levels of super- 
vision below the plant superintendent. (2) Supervision is 
jointly responsible with the Industrial Engineering Dept. for 
correct incentive rates. If a rate is loose it must be corrected 
and the supervisor is the one who has to deal with the worker. 
After the supervisor has had to clear up two or three cases 
like this we have no more trouble with that supervisor, along 
this line. 

J. A. Westover: *® Can it be justified to charge overtime to 
supervision and indirect operators? 

Mr. Pruet: Yes, because usually when overtime is worked, 
it is the result of poor planning and scheduling, or low per- 
formance. We do not like to work our people overtime, and 
therefore discourage it. Supervision are in effect, operating 
their own business. If they operate their departments efficiently 
they earn extra pay. 

G. H. Rockwe.it:*® What allowances are made for poorly 
conditioned sand, poor cores, excess fins on castings, etc.? 
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Mr. Pruet: We do not pay for scrap. We do not pay for 
work which does not pass specifications. Such production is 
not recorded on the man’s time card. If the sand or core is 
no good and as a result the casting is scrap, the casting is not 
considered as having been made. For example, on one produc- 
tion unit we have a group of 53 men. This includes melting, 
molding, core making, core setting, pouring, and shakeout. 
if the core is no good and the casting is scrap, no one in this 
group is paid for the casting. However, we have determined by 
statistical analysis what the per cent loss should be for good 
operation and this percentage is added to the incentive rates. 

On other jobs where we have individual incentive rates, the 
operator who made the scrap is not paid for it, but other 
operators who may have worked on the same item, are paid for 
their work. The work which is paid for, is considered as lost 
time if the casting is scrap. This lost time and the resulting 
cost is charged against the Supervision Incentive Budget. 

When castings have excessive fins, gates, etc., the extra 
chipping time above standard which is required, is charged 
back against Foundry Supervision, up to as much as the 
standard time value established for the chipping operation. 
If the chipping time exceeds twice the standard time value the 
casting is scrapped and the molder is not given credit for 
making the casting. 

L. C. ParrisH:? Did the savings of 15 per cent include the 
increase in time keeping cost? If not what was this increase? 

Mr. Pruet: The savings of 15 per cent is the man-hours 
saved in the Mechanical Department. We did not increase the 
number of clerks in the Payroll Department. It requires only 
about four extra man-hours per week to handle the analysis 
sheets and compute the incentive earnings for the Maintenance 
Department. We have three different groups and therefore 
have to have a different analysis sheet for each group in the 
Mechanical Department. 

R. F. Evert:* Do your indirect people ever question the 
ratio, and if so how do you solve the problem? 

Mr. Pruet: Yes, we have had our incentive applications 
questioned on several occasions. We have always been able 
to solve these questions by explaining what we had done and 
what we were trying to do. If we are in error the necessary 
corrections are made. So far, we have not had much trouble 
with our maintenance incentive. The Supervisory Staff is the 
key to the success of any good incentive plan. Our incentive 
plan is an entire production, quality and cost control system. 
Supervision earn incentive only if they make the plan work. 
We get more benefits from the control features than from the 
incentive features. The incentive features are added to make 
the controls work smoothly and with real effectiveness. 

Wo. Pirts:® Were all of your standards on maintenance 
employees including those who repair breakdowns, developed 
by Time Study and if so, how is the earned time measured? 

Mr. Pruet: All incentive standards in our plant are de- 
rived from Time Study and Statistical Analysis. The average 
amount of work required to properly maintain and service the 
production units for a specific level of production and for a 
specific operating condition is determined. A factor or ratio 
is set up for this condition. The Weekly Analysis Sheet is used 
to show all lost time, excess costs, and direct work units pro- 
duced. From this data, the performance of both direct and 
indirect workers and the supervision is calculated. The ratio of 
indirect standard work units to direct standard work units is 
shown on this sheet. The indirect factor (ratio) is multiplied 
by the total direct work units produced, this equals the 
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standard earned indirect work units for the indirect crew for 
the week. 

LAURENCE PoHyoLa:*” (1) How do you measure the amount 
of unmeasured work to arrive at figure in Column 19? (2) 
What procedure do you use to arrive at a representative work 
load for indirect operators (e.g. Ratio Delay)? (3) Who arbi- 
trates disputes on figures in Column 4 (lost hours)? (4) How 
do you handle fractional crews for maintenance requirements 
in setting rates? 

Mr. Pruet: (1) The unmeasured work shown in Column 
19 is reported to the Payroll Department as such by Time and 
Production Checkers. This time is totaled for the week and 
posted in Column 19. (2) All work loads are determined by 
Time Study Analysis. We have used ratio delay to determine 
the amount of delays on production operations, but not on 
maintenance work loads. (3) We have defined in detail the 
type of delays which are charged against the supervision. 
This time is shown in Column 4. Supervision are charged with 
any delay or rework which originates within their department, 
with the following exceptions: (a) Training new employees. 
(b) Experimental work. (c) Meetings for the purpose of 
handling Company business such as safety, insurance, new 
company policy, etc. In the event of a delay not specifically 
defined, the decision is made by the author. In the event the 
decision is questioned, it is referred t the Plant Manager for 
final disposition. (4) All indirect and maintenance incentives 
are on a group basis. In some cases where a member of an 
indirect crew does not have a full work load he is scheduled 
direct production work to make up the difference. An effort is 
always made to schedule a full work load to the operator. 
When it is not possible to do this the group will have a low 
performance. We do not guarantee incentive pay, it must be 
earned. Therefore, if performance is low, incentive earnings 
will be low. 

J. A. Forses:" (1) Do you use your work unit standards for 
cost estimating? (2) Do you use your actual work units for 
job costs? 

Mr. Pruet: (1) Yes. (2) The work units are actually the 
standard cost for the casting. Any cost other than this would 
be in excess of standard. 

G. L. Breunic:* With a variation in scheduling, do you 
find that your ratio of indirect to direct varies at constant, a 
decreasing or increasing rate? 

Mr. Pruet: The ratio does not increase or decrease at a 
constant rate. For example, some indirect and maintenance 
work will not vary regardless of the amount of direct pro- 
duction, some will vary with production but not in exact pro- 
portion. When these factors are known, indirect man-hours 
can be scheduled for any level of production and operating 
condition. 

MEMBER: How large a staff is needed to handle the clerical 
work involved in keeping these records? 

Mr. Pruet: We have four Time Study Engineers, eight Time 
and Production Checkers, and three Clerks in the Payroll 
Dept. These people plus two department heads handle the 
entire Industrial Engineering and Payroll Department duties. 


7 Foundry Superintendent, J. B. Ehrsam Co., Enterprise, Kansas. 

8 Production Manager, Eaton Manufacturing Co., Vassar, Mich. 

® Standards Foreman, Oklahoma Steel Castings Co., Tulsa, Okla. 

1° Central Staff, Ford of Canada, Windsor, Ont., Canada. 

11 Vice-President and General Manager, Gunite Foundries Corp., Rockford, 


Ill. 
. 12 Chief Industrial Engineer, National Presto Industries, Inc., Eau Claire, 
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POSITIVE BENEFITS OF A SAFETY PROGRAM 


By 


F. W. Shipley* 


Everyone is familiar with the phrase “The Safe 


Way Is The Best Way.” If we would just change one 

word in that phrase we will be well on our way to a 

manner of thinking that is absolutely necessary if ac- 

cidents are to be prevented. Let us change it to read: 
“The Safe Way Is The Only Way” 

If we who are interested in the welfare of our 
people really assume the responsibility which is ours 
as managers, there can be little doubt but that acci- 
dents can be very greatly reduced. 

The experiences of a great number of companies 
including our own over the past ten years or so, show 
that industrial accidents can be reduced. The records 
prove without question that there are positive bene- 
fits to be gained. However, in order to attain a 
worthwhile program of safe practices it is absolutely 
essential that a real desire for a reduction of acci- 
dents be present. It is not enough to give lip service 
alone to the idea of a safety program because acci- 
dents cannot be prevented by putting up signs to 
the effect that tomorrow we start a safety program 
and therefore we do not expect any more accidents 
from that day on. We must believe it, really want it, 
and think about it 24 hours a day. 


Safety Comes First 


To set up a program for safety that really works 
we must first start with the premise that “Safety Is 
Actually The Most Important Thing We Have To 
Do.” It must come ahead of everything else, yes, even 
production. This was brought out forcefully in our 
own company just recently by our President, L. B. 
Neumiller. While discussing the problems ahead for 
the coming year, at a Management Meeting attended 
by all supervision, he said, ““The most important job 
for all of us in the year ahead is safety,’ and judging 
from the safety record of the company over a long 
period of time you know full well that he meant it. 


Outline of a Safety Program 


Perhaps the best way for me to outline a safety 
program is to describe some steps we have taken and 


* Foundry Manager, Caterpillar Tractor Co., Peoria, Ill. 
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enumerate the results. Approximately 20 years ago 
when our accident rate was far from good we set up 
a system whereby each accident, regardless of severity, 
was recorded on a First Aid IBM card. On the front 
of this card the injury is described from a medical 
standpoint. On the back, space is provided for the 
foreman to describe in detail the “how, when and 
why” of the accident. The records from these cards 
are compiled by the Safety Division who issue month- 
ly reports by departments. 

Off shift monthly safety meetings attended by all 
levels of supervision are held around the clock. Ar- 
rangements are made for a different supervisor to 
lead each monthly meeting of his own shift. This 
means that three different supervisors would lead 
safety meetings each month. This fact alone helps 
further the safety program because one cannot help 
but be more safety conscious after having led one of 
the meetings. At these safety meetings lost time cases 
are discussed in detail with special emphasis on ways 
of preventing recurrences. Even minor accidents are 
also discussed for it is realized that given a right set 
of circumstances these too could have been lost time 
cases. A committee of supervisors was also set up to 
inspect the shop daily for cleanliness and orderliness. 

The men on this committee inspect other depart- 
ments than their own and make their reports in- 
dividually at the regular monthly safety meetings. 
We have always felt that cleanliness and orderliness 
contribute greatly to accident prevention and that 
generally speaking, a clean shop is a safe shop. In 
addition to the monthly safety meetings, a committee 
of three supervisors (a different group each month) 
meet each day to thoroughly investigate the First Aid 
cases from the previous day and make recommenda- 
tions to prevent recurrences. In connection with this 
whole program everyone is encouraged to go to the 
First Aid Station for even the most minor cut or 
scratch and supervisors are criticized if their people 
do not visit First Aid when they are injured. These 
investigations are simply another method of check- 
ing on the supervisor as a follow up on the manner 
in which the foreman had investigated the accident 
and what he had done to prevent further accidents 
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of this kind. All this was designed as another step in 
a never ending campaign of education to make every- 
one, supervisors and all, conscious of accident pre- 
vention. 

Protective Equipment 

Safety glasses are furnished free of charge and if 
prescription lenses are necessary the company pays 
half the original cost. In the foundry the wearing of 
safety glasses was made a condition of employment. 
When this program was first introduced, it was very 
difficult to get everyone to accept it, but now it is 
accepted readily by everyone. In fact, everyone is so 
conscious of it that anyone, even visitors, walking 
into the foundry without safety glasses will be stopped 
by someone before he progresses very far into the 
building. 

All iron pourers, cupola operators, grinders and 
chippers wear safety goggles which fit tightly against 
the face. These too, are furnished free of charge. 
Another vital part of the whole eye protection pro- 
gram is regular inspection and replacement of de- 
fective lenses, frames, etc. A qualified employee of 
the Safety Division makes periodic visits through all 
departments with his “goggle cart.” He is equipped 
to examine all goggles and glasses and replace on the 
spot any defective parts which he finds. This pro- 
gram insures against the possibility of anyone not 
wearing glasses or goggles because they have become 
defective. There just is no excuse for not wearing 
eye protection when it is kept readily available and 
maintained in Al condition. As a result of this pro- 
gram eye injuries in the foundry are kept at a mini- 
mum. 

Another step in the prevention of accidents is the 
protection of the feet. All employees are encouraged 
to wear safety shoes. As part of this program the 
Safety Division maintains a large well equipped stock 
of safety shoes which are sold to employees at cost. 
On this basis he is able to buy safety shoes at lower 
costs, generally, than other shoes so he has little sales 
resistance against the wearing of safety shoes. A con- 
centrated sales program on safety shoes is given to 
the new hire who is entering the plant for the first 
time. As a result these new employees will be found 
to be practically 100 pct equipped with safety shoes. 
In connection with this same program of foot protec- 
tion aluminum slip-over foot guards are furnished 
to those employees whose occupations are most hazard- 
ous in this respect. In the foundry all iron pourers 
must wear safety shoes with good substantial soles. 
Olive drab wool pants faced with chrome leather are 
also furnished these people. These are dry cleaned 
once a week and returned to the employee without 
charge. In addition, the iron pourer is required to 
wear chrome leather spats or leggings over his shoes 
and underneath the pants leg. We have found this 
method more successful than wearing leggings on the 
outside because splashed iron will not collect in the 
folds of the trousers and burn through to the body. 
As a result of these precautions we have reduced in- 
cidents of body burns among the group of iron pour- 
ers to a point where they are almost negligible. 
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Licensing Program for Motive Power Operators 


Another vital step for prevention of accidents was 
the establishment of a training and licensing program 
for all power truckers, tractor drivers, overhead crane 
operators and drivers of mobile equipment. No per- 
son is allowed to operate any of the above equipment 
without a license. This license, in the form of a spe- 
cial badge, must be worn at all times while operating 
the equipment. Special instructors under the super- 
vision of the Training Department are in charge of 
this program. Candidates for training, selected by 
the supervisor, are screened by the Medical Depart- 
ment for physical soundness with special emphasis on 
eyes (including depth of perception as well as good 
vision, reaction time and emotional stability). The 
trainee is taught the care of the equipment as well as 
the safe way to operate the particular machine for 
which he is to be licensed. At the conclusion of the 
course he is given an actual driving test under the 
watchful eye of the instructor at which time he is 
either passed or rejected. In cur experience approxi- 
mately 78 pct of the people who have been consid- 
ered for these jobs have passed the tests and have 
been licensed. Of those who were not licensed, most 
were rejected because of poor eyesight, carelessness, 
or emotional instability. 

What our experience might have been if the 22 
pct who were rejected had been allowed to operate 
we do not know, but we do have proof positive that 
accidents of this category have been very materially 
reduced since the training program was inaugurated. 


Constant Supervision Observation 

The responsibility for the safe operation of this 
type of equipment does not end however when the 
license is issued. These operators are constantly ob- 
served by the foreman and if one should become 
careless he is warned by the supervisor and if, after 
this warning, he continues to operate carelessly, he 
is taken off the job and his license revoked. Relief or 
extra operators are trained and licensed to take the 
place of the regular operator in case of absenteeism, 
but it is stipulated that the relief operator must oper- 
ate the equipment at least one day per month or he 
is to be given a refresher course before he is allowed 
to operate again. Although operators of battery- 
powered hand trucks are not licensed they are trained 
by the foreman on the job and given a booklet con- 
cerning the operation of this equipment. This book- 
let describes by illustrated cartoons the safe way to 
operate the truck and also shows what might happen 
if it is not operated properly. All accidents relative 
to these hand trucks either directly or indirectly, 
have dropped 30 pct since this program was inaugur- 
ated about a year ago. 

Approximately 10 years ago Union Safety Meetings 
were set up. In the foundry there is one safety com- 
mitteeman for each General Foreman. These safety 
committeemen meet once a month with the General 
Foremen of the foundry and discuss various safety 
problems. The Chairman of the Union Safety Com- 
mittee then meets once a month with the Safety Di- 
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rector and his staff to discuss overall plant safety 
problems. This program, too, has helped make every- 
one more safety conscious and thus it becomes a vital 
part of safety education. These monthly meetings 
with the General Foremen and the Union Safety Com- 
mittee are in addition to the Supervisory Monthly 
Safety Meetings which have been described before. 

The Safety Division has also set up a staff of Safety 
Inspectors operating on all shifts whose duty is to be 
constantly on the lookout for unsafe practices. When- 
ever they observe anything unsafe they report it im- 
mediately to the Supervisor of the department and 
also make out a report to the Safety Manager who in 
turn calls it to the attention of the Factory Manager. 

To a man who has been injured, or to his fam- 
ily who is losing his income as a result of an accident, 
an outstanding record of plant safety does not mean 
a thing. He only thinks of his own misfortune and 
the real hardship which confronts him at that time. 
For this reason we have always had uppermost in 
our minds the reduction of injuries to our employees 
and not the establishment of an outstanding record. 
Records in themselves do not prevent accidents but 
only tell us where we have been and where we are 
going. The record of our performance as regards 
safety is illustrated in the graph. 

Here a comparison is made between our lost time 
accident record and that of the National Safety Coun- 
cil for the Foundry Industry in general. In 1952 
while working 2,968,025 man-hours we had four lost 
time cases among approximately 1700 employees. 

These cases in detail are as follows: 


Case No. 1—A sandslinger helper slipped while he 
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and another employee were rolling over the drag hali 
of a mold (pop-off flask) which weighed approxi- 
mately 100 Ib. Another employee who was working 
with him did not notice that he had slipped. Injured 
employee did not report to First Aid or to Foreman 
until two days later. His back was injured and he lost 
ten days time. 


Case No. 2—A swing grinder was grinding an axle 
housing. He had previously ground three of these 
castings and had placed them on a pile behind him. 
While grinding the next casting he inadvertently 
braced his foot against the pile of ground castings. 
The top casting slipped off because it had not been 
placed properly. It fell to the floor and rolled on his 
foot. Casting weighed approximately 300 lb and fell 
about | ft onto employee’s foot striking back of steel 
toe of his safety shoes. Employee lost six weeks time 





Case No. 3—Shot blast operator was hanging cast- 
ing on blast conveyor chain. An exhaust manifold, 
approximately 6 ft long and weighing 150 lb slipped 
loose at one end, fell to the floor and struck his foot. 
He was using the wrong kind of hooks. The foreman 
noticed it but the accident happened before he could 
reach the man and stop him. Employee lost six weeks 
time. 


Case No. 4—A wood patternmaker noticed an it 
ritation in right eye. He did not know the specific 
source of the small piece of steel found in his eye, 
nor did he recall an instance which could have caured 
the injury. He works about 10 ft from a wood san ler 
which might have been the source but no one kn ws. 
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LOST TIME ACCIDENT FREQUENCY 
COMPARISON WITH 
NATIONAL SAFETY COUNCIL 
FOUNDRY MEMBERSHIP 


1930-1952 





267 | 























‘. W. SHIPLEY 


He did not report to First Aid until approximately 4 
ir after he noticed irritation. Man lost seven days. 

All of these accidents, expect possibly Case No. 4, 
would not have happened if the people had been 
thinking and had used the safe practice which they 
had been taught. The significant point here is that 
safety instruction alone is not enough. It is necessary 
to constantly be on the lookout for unsafe practices 
and call it to the attention of the people continu- 
ously. 

Conclusion 

Safety is more of a state of mind than an array of 
protective guards over a machine. 

Elimination of accidents is a long time proposi- 
tion. It cannot be accomplished in a month or even 


a year. 
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Safety is a never ending program of education and 
constant effort. We must be alert and stop unsafe 
practices on the spot. Do not wait to write a report 
about it after an accident occurs. Many times in the 
past we might have been justifiably discouraged for 
our results seemed to indicate little progress. How- 
ever, the results on the graph indicate that our efforts 
of long ago were not in vain and eventually proved 
worthwhile. 

Safety equipment must be provided and used. 

“The Safe Way Is The Only Way.” 

“Safety is the most important job we have every 
day.” 

Any program of safe practices is no better than 
the desire to make it real. 

Accidents can and must be prevented. 











EFFECT OF SAND FLOWABILITY 
ON CASTING SURFACE FINISH 


By 


H. H. Fairfield* and James McConachie** 


ABSTRACT 
This paper reports results of some experiments made in an 
effort to measure flowability of molding and core sands and to 
relate flowability test values to surface finish. This is the third 
report on casting finish submitted by the writers to A.F.S. 


® During an investigation of grain size of sand and its 
effect upon casting finish®, the data shown in Table 
1 was obtained. Four different sands would produce 
castings of identical smoothness. However to get equiv- 
alent smoothness, one sand had to be jolted 32 times, 
another sand needed only 8 jolts. It was apparent that 
these sands differed in their resistance to compacting. 
This would seem to be a very important property of 
molding and core sands. In practical foundry opera- 
tions, surface finish is more dependent upon flow- 
ability than on the grain size of the sand. 


The mechanics of sand flowability have been studied 
by several investigators!.?.3.4.5, Up to the present time 
however, the American Foundrymen’s Society has not 
adopted a sand flowability test. A quantitative test for 
sand flowability would help sand control technicians 
in developing mixtures that could be rammed to a 
smooth finish with the least amount of work. Experi- 


*Chief Metallurgist and ** Sand Supervisor, William Ken- 
nedy & Sons, Owen Sound, Ontario, Canada. 
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Fig. 1—Laboratory machine for measuring flowability. 
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Fig. 2—At left, flowability machine set up for filling flask 
with sand. At right, test casting. 
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Fig. 3—WNeedle tipped dial indicator tests smoothness. 
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Fig. 4—Kennedy flowability tube (left and center) and hopper used to fill tube in making flowability measurement. 


ments made to try and determine the value of three 
flowability test devices are described in this report. 

Figure | shows the hand operated jolt machine with 
a mounted steel pattern. The test casting is 114 in. 
square and 5 in. thick. Figure 2 shows the flask and 
flask extension in place under the filling hopper and 
a test casting. To measure surface finish, a needle 
tipped dial indicator (Fig. 3) is used. This method was 
proposed by Hobman’. 

Three instruments were used in an attempt to meas- 
ure the flowability of sands. These are the Dietert, the 
Kennedy, and the Ramability Test. In the Dietert test, 
a standard 2-m. sample of sand is rammed in a speci- 
men tube. A fourth ram is given the sand, then a dial 
indicator is placed to measure the length of the sand 
specimen. The sand is then given a fifth ram. The re- 
duction in length of the specimen is recorded in 
thousandths of an inch. If the specimen is shortened 
0.015 inches the flowability is reported as 85 per cent 
(100-15). 


Disc Fastened to Ramming Tube 
The Kennedy flowability test is shown in Fig. (4). A 
2-in. diameter disc is fastened to a standard ramming 
tube by means of three pins so that a %-in. space is 
left for the escape of sand. To make the test, the speci- 
men tube is loaded by rubbing the sand through a 6- 


TABLE 1—MOLDING EFFORT VS. CASTING SMOOTHNESS® 
Number of Jolts 








P Dietert 
S 
ae jaa ca dle Flowability 
ptimum Casting Numb 
smoothness — 
5 8 82 
2 16 83 
1 24 83 
6 32 80 








mesh riddle into a hopper. The sand is struck off level 
and the specimen tube is placed under the A.F.S. sand 
rammer. The rammer plunger-raising device is ad- 
justed until the ramming head is just inside the end of 
the specimen tube, then the lever is released. A pan 
placed under the specimen tube catches the sand 
pushed through the orifices at the bottom of the speci- 
men tube by the free fall of the rammer. The weight of 


Fig. 5—Ramability tube and indicator as assembled. 
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Fig. 6—Three components of ramability test equipment. 
Part of side wall (left) of tube moves as sand flows. 


this extruded sand is a measure of the flowability of 
the sand. 

The Ramability test device is shown in Fig. 5 and 6. 
Note that a section of the side wall of the standard 
specimen tube has been made movable. This movable 
piece is 34 x 13% in. and 3 in. long. As the weight is 
carefully lowered by hand, displacement of sand is 
indicated on a mold hardness tester. 

Table 2 gives the sand mixtures used and their prop- 
erties. Seven of the experimental mixtures were made 
with a 100-mesh silica sand. With the exception of the 
rotten wood powder, all materials were commercial 
grades in common use. Table 3 shows the grain size 
of the sands used. 


Experimental Procedure 


In mixing, 10 kilogram batches of sand were run 
in a laboratory sand muller for 1 minute dry and 3 
minutes wet. In preparing the core mixtures, the oil 
was added last. Tests were on a single batch of sand. 


EFFECT OF SAND FLOWABILITY ON CASTING SURFACE FINI\H 


Sand was rubbed through a Y4-in. riddle and ;|- 
lowed to fall into the flask as shown in Fig. 2. Tie 
sand was compacted by raising the mold 114 in. and 
dropping it against a steel block. The number of jo'ts 
given each mold is shown in Table 2. The test casting 
was made in the drag. Copes were rammed up in core 
sand and baked. All molds were poured at 2100 F with 
85-three-5’s bronze. 

Gates and risers were cut off in a bandsaw and each 
test surface was cleaned with 20 strokes of a wire brush. 
All surface readings were taken on the vertical surface 
of the casting at the center of the 114 x 11% in. sides. 
The surface finish is reported as the standard deviation 
of 25 readings. 

With the exception of the three different flowability 
tests described previously, all of the other tests were 
standard A.F-.S. tests. 


Discussion of Results 


All of the test data obtained are shown in Table 2. 
Molding sand mixtures 1, 2, and 3 contain 3.8, 7.4, and 
10.7 per cent clay, respectively. Figure 7 shows the 
effect of clay content upon the surface finish obtained 
with these sands. It is apparent that with increasing 
clay content the flowability of the sand is reduced and 
a rougher surfaced casting is obtained. In this set of 
experiments, the Dietert flowability test and the Ken- 
nedy flowability test are correlated with casting finish 
results. 

Core sand mixtures 5, 6, and 7 have green compres- 
sion strengths of 1.6, 3.5, and 5.7 psi. Surface finish 
readings on castings made in these sands are shown in 
Fig. 8. Mixture 5 required only 4 jolts to get a smooth 
finish. Mixture 7 required 8 jolts, and mixture 6 re- 


TABLE 2—SAND MIXTURES AND TEST RESULTS FOR SURFACE FINISH EXPERIMENTS 











Clay Bonded Oil Bonded 
Sand Mix Synth. Nat. 
1 2 3 5 6 7 
No. 111 Sand, grams*........... 10,000 10,000 10,000 10,000 10,000 10,000 9,500 
IDS oin:escveceesesese 400 800 1,200 200 350 
Ss 150 300 400 
ETS on 5 nin Sia medk en 464s 50 50 150 50 
ae awa 6 acage's st 405% 50 
Rotten Wood Pwdr............... 30 
Cs, cn ke aetawes ts eas 500 
ee 5.4 5.3 5.0 4.4 5.4 5.0 5.2 8.0 
NE EEE er 4.0 7.3 16.0 1.6 3.55 5.7 3.1 8.3 
Es oie can eesake eed bs ees 38 37 37 39 27 24 35 9.5 
PIII so ccc ens ccceens 0.025 0.031 0.027 0.021 0.025 0.028 0.025 0.019 
NS ee 93 91.7 89 93% 94.5 95 94 105.5 
Dry Permeability................ 50 43 
BP GO, Mls Bn cc escccccs 60 1350 
Mold Hardness 
SS aa a5, 4a aa te Ste cern a 19 12 12 15 11 
is acare tie eeintcane airs 24 20 20 17 21 19 23 35 
I alae adn ahve mraietoin anaes 38 31 20 33 30 33 43 
aia Fics cad ansiewalres sks 44 30 35 30 36 36 43 
is a nina 6 ole Rak Oe 50 40 37 56 
I os ica: Gite mai ane baie 42 50 
RS osc ckanessneweene 0.027 0.0365 0.0312 0.019 0.023 0.016 0.0256 0.018 
Dietert Flowability............... 85 78.8 70 89 85 82 82 75 
Kennedy Flowability.............. 1.65 0.97 0.55 3.1 2.0 2.4 2.0 2.8 
Surface Finish** 
RE le ga acta: cere ias 0.9 4.4 1.6 
DOA oa oa Lib Xela eee ns 3.9 10 14 0.7 3.9 0.8 2.4 1.9 
Nii aie een lance 6pm sinace 2.0 3.2 7.3 0.82 0.9 1.15 2.4 2.3 
ES eee ene 1.4 4.0 6.2 0.98 1.1 1.29 1.4 1.2 
ES eee ee 1.1 2.5 6.8 2.2 2.0 
catansdasantede nave 5.8 2.2 


*All weights in grams. 
**Surface finish in 0.001 in. units standard deviation. 
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Fig. 7, 8, 9, and 10—Surface finish variations with sand type and composition and relation to Kennedy flowability 
test. Upper left, Fig. 7; Fig. 8, lower left. At right, Fig. 9 (upper) and Fig. 10. 
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quired 16 jolts. Note that the Kennedy flowability test 
is directly related to the number of jolts required. 

As Fig. 9 shows, the high flowability of the natural 
sand tested was almost duplicated in the synthetic 


TABLE 3—SCREEN ANALYSES OF TEST SANDS 





Per Cent Retained 





Size No. 100 Silica Natural 
10 Mesh 0.1 0.2 
20 “ 0.3 0.4 
30 “ 0.4 0.6 
40 “ 0.5 3.8 
50 “ 0.7 4.6 
70 “ 3.5 9.0 
100 “ 26.7 12.4 
140 “ 40.7 9.8 
200 “ 22.3 10.8 
270 “ 3.3 10.4 
Pan 0.9 21.6 
Clay 0.6 16.4 





sand. However the green compression strength of the 
synthetic sand was reduced to 3.1 psi. to get the de- 
sired flowability. It would be helpful to know how to 
duplicate the high flowability of natural sands and at 
the same time obtain high green compression strength. 


Test Swelling Tendency 

Many of the castings were oversize or swelled. These 
castings were measured for thickness at the center ot 
the 114 x 1l4-in. surface. These measurements, snown 
in Table 4, indicate that the tendency of the mold to 
swell and produce an oversize casting appears to ve 
related to the ramability test. 

Within the scope of this investigation, 1t seems pus- 
sible to obtain a quantitative measure of flowability. 
Figure 10 indicates the correlation of Kennedy ftlow- 
ability test values with surface finish. Since surtace 
finish of castings depends to a great extent upon me 
flowability of molding sands and cores, a quantitative 
test for flowability would be of great help to sand con- 
trol technicians. 


Practical Value of Kennedy Test 

In the 1952 Progress Report of the A.F.S. Flowabili- 
ty Committee, a visual test for flowability is recom- 
mended. J. B. Caine suggested that the Kennedy flow- 
ability test be compared to the committee’s test. For 
this comparison four sand mixtures were prepared, 


| 


wa ae ee - ~~ 


EFFECT OF SAND FLOWABILITY ON CASTING SURFACE FINIsH 


TABLE 4—CASTING THICKNESS AND SAND RAMABILITY 








Sand Thickness, Ramability, 
Mix In. In. Displacemem 
3 1.13 0.0315 
2 1.06 0.0365 
1 0.744 0.027 
4 0.668 0.026 
8 0.626 0.018 


Pattern size, 0.622 in. In all cases mold was jolted 8 times. 





and the results after running are shown in Fig. 11. 

Sand specimens were rammed by slowly lowering 
rammer until full weight rested on sand. After one 
minute specimen was removed from tube. The Ken- 
nedy flowability test result is shown. Note that amount 
and size of surface supervoids are related to the Ken- 
nedy flowability test result. The sand which had a flow- 
ability of 3.2 grams contains no visible supervoids. The 
specimen of sand which had a flowability of 0.5 grams 
has many supervoids in the surface. 

It would appear therefore that the two testing meth- 
ods are measuring the same property of sands—the 
tendency to form supervoids on the rammed surface. 

A description of the four sands shown in Fig. 11 is 
given in Table 5. Conclusions drawn from these tests 
are given on page 132. 


TABLE 5—COMPARISON OF FLOWABILITY RESULTS 








Flowability 
Sand Mixing H2O Kennedy, A.F.S. 
Mix Mixture Procedure % Grams Rating 
1 10,000 grams __— Dry 1 min., wet 5.4 3.2 9 
No. 100 silica 3 min. in lab Trace of 
sand with 400 _— muller. Dried supervoids 
grams southern out, retempered, in corner 
bentonite. rubbed through away from 
sieve 3 times. rammer. 
2 10,000 grams Same as above. 5.4 1.9 af 
No. 100 silica Small super- 
sand with 800 voids in 
grams southern bottom third 
bentonite. of specimen. 
3 Same as above Same as above. 5.0 0.8 5 
but 1,200 Larger super- 
grams southern voids in at 
bentonite. least half of 
specimen. 
9 10,000 Ib Dry 1 min., wet 4.8 0.5 3 
No. 57 silica 3 min., in Large super- 
sand, 5% west- foundry muller. voids in 


about all of 
specimen. 


ern bentonite, Pass through 
1% corn starch. aerator. 
For method of determining A.F.S. flowability rating see Report of A.F.S. 
Flowability Committee, in this volume. 








Fig. 11—Flowability test specimens showing relation between Kennedy flow value and number of supervoids. 
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Within the limits of this investigation the following 
conclusions can be drawn: 

1. Casting finish depends in part upon the ability of 
sand to flow under ramming. 

2. The Kennedy flowability test was shown to be 
related to casting finish on 8 different sand mixtures. 


3. The A.F.S. Flowability Committee test procedure 
was shown to correlate with the Kennedy flowability 
test procedure on 4 different sand mixtures. 
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DISCUSSION 


Chairman: J. B. Caine, Foundry Consultant, Cincinnati. 

Co-Chairman: W. S. Pettnt, Naval Research Laboratory, 
Washington, D. C. 

Recorder: P. E. Kyte, Cornell University, Ithaca, N. Y. 

Mr. FarrFieLp: Mixing time has a great effect on surface 
flowability. A mixing time of 30 sec results in a high flowabil- 
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ity. Longer mixing times will lower flowability and tend to 
produce rougher castings. 

J. F. WaAttace:* Would you expect to get the same effect 
by lowering the clay and water contents? 

Mr. FAtrFieLD: Less clay and water will result in better 
flowability. 

G. J. Grorr:* If you are using only one sand, it is immate- 
rial which flowability test is used. 

W. S. Pevvini:* Is it not true that anything which increases 
bond decreases flowability? 

MR. FAIRFIELD: Yes. 

D. C. WiLtiAMs: * What was the order of mixing? 

Mr. McConacuie: The dry binder is added and mixed for 30 
sec. The water is then added and mixing continues for an- 
other minute. 

Mr. WiLtiaMs: The order of mixing might have an effect on 
the results. 

Mr. Grotr: Was the moisture content constant during 


mixing? 
Mr. FAIRFIELD: Yes. 
H. W. Dtetert:*® An increase in strength may lower flow- 


ability for some binders, but some of the newer materials 
being introduced develop high flowability at high bond 
strengths. 

D. J. Jones:* If sand is tempered beyond the moisture re- 
quired for maximum green compressive strength will the same 
weight of the mixture required at optimum temper still give 
a 2-in. high specimen? 

Mr. FairFieLD: Wet sand rams more densely in the center 
but there will be more voids in the surface. 

D. C. Exey:* How was the statistical study made? 

Mr. FairFIELD: Using the methods described in the A.S.T.M. 
Manual on Quality Control of Materials, Standard Deviation 
was determined on no less than 20 readings. 

Mr. Exey: To what was the deviation reported referred? 

Mr. FairFietD: The surface roughness was determined by 
taking 25 readings and the average of these readings was taken 
as the average surface. Deviation was from this average surface. 


1 Watertown Arsenal, Watertown, Mass. 

2 Unitcast Corp., Toledo, Ohio. 

% Naval Research Laboratory, Washington, D. C. 
# Ohio State University, Columbus, Ohio. 

5 Harry W. Dietert Co., Detroit. 

® New Jersey Silica Sand Co., Millville, N. J. 

7 Pennsylvania State College, College Station, Pa. 








RESEARCH IN PATTERN COATING 
PRODUCES QUALITY CASTINGS 


By 


Charles J. Berg* 


Checking surface finish of patterns is an important step in 
producing quality castings, whether they be street car 
crossings (above) or smaller production units. 





ARO 


ABSTRACT 


Types of coatings commonly used as pattern coatings are 
briefly reviewed and various data are presented comparing the 
package, application and dry film characteristics of shellac, 
crankcase sealer and seven other pattern coatings. These data 
are discussed and the shortcomings and virtues of the different 
coatings are pointed out. Cost factors are considered and the 
inherent economies of higher solids coatings are stressed. Appli- 
cation techniques and shop conditions are discussed and several 
suggestions concerning these problems are offered. 


=" Even before a pattern is made, much thought and 
effort go into its design and layout. The best woods are 
carefully selected with cost a secondary objective. A 
pattern is then made from these woods by highly 
skilled men with years of training and experience. The 
result is a product of great precision and high value. 


Since the pattern represents a sizable investment, the 
selection of an organic coating to protect this product 
merits some consideration. A coating can be selected 
that has been carefully formulated for this specific end 
use, one that will conform to the exacting standards 
set up for the pattern itself. It is also possible to select 
an inferior coating, one that offers no practical protec- 
tion at all. ' 


Today, shellac is commonly used as a pattern coating 
and it has been used for this purpose for a good many 
years. Shellac unquestionably has some merits or it 
wouldn’t continue to be popular. However, through 
years of development and research many advances have 
been made in organic coatings which have relegated 
shellac to a position of inferiority by comparison. 
There are many types of coatings available that meet 
the demands of a pattern coating much more fully. 


Crankcase sealer is also used as a pattern coating. 
Actually crankcase sealer is a good organic coating for 
finishing crankcases, but not necessarily for protecting 
patterns. As its name implies, it has been formulated 
for a specific end use. This type of product has some 
virtues, among them initial low cost per unit of vol- 
ume. However, in the final analysis, crankcase sealer 


* Industrial Project Chemist, Sherwin-Williams Lacquer Lab- 


oratory, Chicago. 
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TABLE 1—PACKAGE AND APPLICATION CHARACTERISTICS 





























af | 
| | Drying* 
Pattern | Total Drying? | Time General 
Coating Build' | Solids Brushability Time | Over Wax | Gloss‘ | Appearance Odor 
| | 
Shellac | 08 | 35.0 7 60min | Some | 68 | 4 9 
Crankcase | 
Sealer | 03 25.0 | 6 15min | Same 27 6 a 
A | 25 | 47.0 | 10 30 min Same 93 10 9 
8 10 | 330 | - 30 min Same 60 7 | 7 
Cc 1.3 37.0 9 40 min Same 53 | 8 6 
D 10 | 42.0 6 10 min Same 26 | 5 | 6 
| | 
E 2.0 | 540 9 30 min Slower 78 CO 9 | § 
F 0.8 | 43.0 7 24 hr Much 76 6 | 8 
Slower | 
G 0.7 | 41.0 7 15 min Same 62 | 7 | 7 
I | | 
1. Build expressed in thousandths of an inch obtained from one coat applied by brush. 
2. Drying to handle at room temperature, approximately 70 F. 
3. Equivalent to drying over wood or slower. 
4. Gloss reading obtained on wood using Gardner Gloss Meter. A gloss of 100 is equivalent to a mirror surface and a gloss of 0 is 


equivalent to a perfect lustreless surface. 





will cost just as much, if not more, than a coating 
formulated specifically for the protection of patterns 
and it does not provide the maximum protection 
available. 

Several unfavorable comments have now been made 
regarding shellac and crankcase sealer. One of the 
purposes of this paper is to present factual data show- 
ing why and how these, and other protective coatings, 
are unsuited for use as pattern coatings. The data 
contained in this paper were obtained from a series of 
tests conducted on a representative cross section of 
pattern coatings now available. Just because a paint 
can has a label stating that it is a pattern coating is no 
guarantee that it is good for this purpose. 

It will be seen that among the coatings being repre- 
sented as specifically designed for use on patterns, some 
are quite obviously better than others. The series of 
tests referred to above, was correlated as closely as 
possible to the actual conditions that a pattern is sub- 
jected to in use. It is hoped that the results of these 
tests, as presented in this paper, will help the pattern- 
maker differentiate between the good and the bad and 
aid in the selection of a pattern coating that offers the 
maximum in protection and quality. 


Background of Research on Pattern Coatings 


The paint industry has the knowledge and experi- 
ence to formulate various protective coatings, but 
before any coating can be properly formulated the 
user must be consulted concerning the special proper- 
ties desired. For this reason the patternmaker and 
foundryman were consulted before good pattern coat- 
ings could be developed. It was found that past exper- 
ience could be relied upon to provide many of the 
properties desired by the users of pattern coatings. 
However, some of the properties desired were unique 
and considerable research was required before such 


properties were successfully incorporated into a pat- 
tern coating. 

Before presenting the results of the tests that were 
conducted, a brief discussion concerning the various 
basic film formers used in pattern coatings is in order. 
Previously shellac and crankcase sealer have been 
mentioned. Shellac is a type of coating itself, being 
a natural resin of animal origin. It is fairly expensive, 
soluble in alcohol, and releases its solvent slowly. 

Crankcase sealer falls within a group that is known 
as nitrocellulose lacquers. This type of coating is the 
most widely used for the protection of patterns. It is 
interesting to note that cellulose lacquers, when prop- 
erly formulated, are among the best pattern coatings, 
even though crankcase sealer falls within this classifica- 
tion. Since nitrocellulose lacquers are so widely used 
as pattern coatings several of them have been included 
in the evaluation. 

Some varnishes and enamels are also used as pattern 
coatings, but because of the long drying times of this 
type of finish they are generally considered to be 
unsuited for this use. However, one pattern coating 
employing this type of basic film former has been 
included in the evaluation. Other types of pattern 
coatings have rubber or a rubber derivative as the 
basic film former and it was felt this type of coating 
was worthy of consideration in the evaluation. A close 
cousin of nitrocellulose, ethyl cellulose has been used 
in pattern coatings and one such product has also 
been evaluated through the series of tests. 

Vinyl coatings have recently received considerable 
publicity. Vinyls do have very good abrasion and 
chemical resistance. However, it is generally conceded 
that vinyls have very poor adhesion to wood unless an 
undercoat is employed. The solvents used in vinyl 
coatings also have strong unpleasant odors. A sample 
of a vinyl pattern coating was not available for this 
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TABLE 2—DRY FILM CHARACTERISTICS 
Water® 
Abrasion? Linseed Water Pn a 
Resistance 120 F Core Soluble 
Pattern Pencil Flex-' Mg Lost in Print Sand Core Binder Gasoline % Water Absorbed 
Coating Hardness | _ ibility 500 cyc. Resistance Resistance Resistance Resistance 24 Hr 120 Hr 
| | | | 
Shellac } HB | VY in. 66 V. Poor V. Poor V. Poor Good | 3.1 8.6 
Bad Print Sticking & | Softening & | SI. Softening 
| Softening | Sticking 
Crankcase | 1H 1 in. 45 Excellent Excellent Poor Fair 1,2 4.0 
Sealer No effect | No effect | Softening & | Softening 
Sticking 
A 3H Y% in. | 35 Excellent Excellent Excellent Excellent | 0.88 2.9 
No effect | No effect | No effect No effect | 
B 1H Ye in. | 40 Fair Good Poor Good | 1.82 | 7.6 
| SI. Print SI. Stick. Softening & | Sl. Softening | 
Sticking 
Cc | F 1 in 47 Good Excellent Poor Fair | 0.85 | 2.8 
V. Slight No effect | Softening & | Softening 
| Print Sticking | | 
D 1H 3 in. 70 Excellent Excellent Excellent Excellent | 5.1 Coating Cracked 
No effect No effect | No effect No effect | and Peeled 
E | 1H 1 in, 67 Poor Poor Fair Excellent | 0.34 1.5 
Print Sticking & | Softening No effect 
Softening 
F HB Ye in. 30 | Fair Excellent Poor Fair 1.98 6.2 
SI. Print No effect | Sticking & Softening 
Softening 
G 2B 6 in 67 Poor Poor Fair Good 0.75 2.5 
Print Sticking & | Softening SI. Softening 
| Softening | 
| 
| 
1 











1. Diameter bend at which cracking occurs. 
2. 500 cycles on Tabor Abrasor. 
3. Mahogany blocks coated and immersed in water. 











evaluation, but this is not considered as a serious 
omission. 


Package and Application Characteristics 


The first properties to consider are those of the 
coating while in the package and those encountered in 
the application of the coating. Among these properties 
are solids, odor, brushability, drying characteristics, 
build, gloss and appearance. Such factors will deter- 
mine, among other things, how many coats are re- 
quired and how soon the pattern can be used. These 
properties are presented in Table 1. 

Certain characteristics cannot be evaluated by count- 
ing up the results on an adding machine. The human 
element must be relied upon to judge some things, for 
example, brushability. The only possible way to evalu- 
ate brushability is to take a brush and apply the coat- 
ing to a representative surface. Results obtained in 
this manner are presented as a numerical rating, 
starting with ten as the highest rating and going down 
to one as the lowest rating. Such ratings are not based 
on the judgement of one person, but are the average 
rating obtained by a number of experts, each making 
an individual evaluation. 

In reviewing Table | it will be found that many of 
these characteristics are related to each other. Build is 


a good starting point for this discussion. The figure 
given in this table is the dry film thickness in thou- 
sandths of an inch (mils) obtained with one coat 
applied by brushing. No matter how good any pattern 
coating is, there has to be enough of it present before 
protection will be obtained. Some coatings have high 
enough build to give adequate protection with one 
coat, others do not have near enough build for one 
coat to suffice. The recommended minimum film thick- 
ness necessary for protection is one thousandth of an 
inch (1 mil). For good protection of wood it is best to 
have even higher build, preferably two thousandths of 
an inch (2 mils) or more. 

Build is related directly to solids. It is quite obvious 
that no matter how much of a coating is applied to 
a surface there will be little left when the solvents 
evaporate unless the coating has a reasonable amount 
of solids. High solids contribute much to high build, 
good appearance and adequate protection. 

Brushability is also related to build. It is that quality 
of a coating which pertains to the ease with which it 
brushes and how much can be applied before sagging 
or running occurs. Water certainly brushes easily, but 
how much water could be applied to a vertical surface 
before it would run? To have good brushability a coat- 
ing should definitely brush well, but it must also have 
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proper body so that a reasonably thick film can be 
applied before it starts to sag. On the other hand, too 
much body will cause a drag or pull and the coating 
will be hard to brush. Final build is dependent on the 
amount of solids in the coating and on the thickness 
of the wet film applied. 


Too Fast Drying Reduces Brushability 


Drying time is the next logical consideration, for 
drying time ties in with brushability. Naturally, rapid 
drying is usually desired so that a second coat can be 
applied soon after the first coat, if a second coat is 
needed. Rapid drying is also desired so the pattern can 
be moved and put into use as soon as possible. How- 
ever, drying that is too fast definitely interferes with 
ease of brushing. The film must stay wet for a reason- 
able amount of time so that areas can be lapped into 
each other without leaving obvious ridges. A nitro- 
cellulose lacquer can be made to dry within a matter 
of a few minutes, but in a good brushing lacquer the 
drying is deliberately retarded to promote good brush- 
ability. Thirty minutes is about as fast as any coating 
can dry and still have good brushing qualities. 

Another problem to be considered in a pattern 
lacquer is drying over wax. The ability of a coating to 
dry over wax is dependent upon the type of solvents 
used in the coating. If the proper solvents are selected 
no trouble will be encountered. However, the proper- 
ties of some film formers are such that certain solvents 
are mandatory and these solvents sometimes do not 
permit good drying over wax. 

The problem of application over wax calls attention 
to the fact that pattern coatings are at times applied 
over surfaces other than wood. Examples of such sur- 
faces are plastics, plaster, and metal. There is little 
drying problem connected with these surfaces, but 
there may be a problem of adhesion. The property of 
adhesion over wood has not been discussed because all 
the coatings evaluated were found to have excellent 
adhesion to wood and any attempt to differentiate 
between them in regard to this property would be 
extremely difficult. 

Some coatings were tested for adhesion over plastic 
fillets and metal with excellent results. A general com- 
parison was not made, but it is very probable that 
adhesion problems may be encountered when some 
coatings are applied to surfaces other than wood. 
However, pattern coatings are available that will give 
satisfactory adhesion to these surfaces. 

Gloss is not important from the standpoint of pro- 
tection, but when a quality product is produced and 
finished most people prefer that it have a pleasing 
appearance. Hence, from the standpoint of appearance 
gloss is very important. There is no reason why a good 
organic coating should not have a high gloss and it will 
usually be found that good coatings do have good gloss 
unless they are deliberatedly “flatted” for a purpose. 
The gloss readings presented in the table were made on 
the Gardner 60° Gloss meter and a reading of 100 
would represent a perfect gloss. 

General appearance is a composite of build, gloss, 
leveling, holdout and that property of not raising the 
grain. Build and gloss have been discussed. Leveling is 
the ability of a finish to flow out uniformly and leave 
no brush marks. Holdout is quite important. Some 
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strike-in is desired to obtain satisfactory adhesion, but 
the problem is usually to keep the coating from pene- 
trating the wood excessively and giving the appearance 
of nothing on the surface. Finally there is grain rais- 
ing, which is related to holdout. The better the holdout 
the less tendency there is to raise the grain. Grain rais- 
ing is actually a swelling of the wood fibers and is 
caused by absorption of the thinners in the coating. 
Some thinners are definitely worse than others in their 
grain-raising tendencies. 


Shellac Used as Odor Standard 


The final characteristic presented in Table 1 is odor. 
In a pattern coating odor is a very important thing and 
the paint formulator is very conscious of this fact. 
Much research work has been done to improve paint 
odors, not only in pattern coatings, but in all types of 
coatings. If shellac has one outstanding virtue, it is 
odor. Very few people consider the odor of alcohol in 
shellac as disagreeable. Odor is probably the main 
reason why shellac is still widely used as a pattern 
coating. For this reason shellac has more or less been 
established as a standard for odor in this pattern lac- 
quer evaluation. In arriving at the ratings on odor the 
number of persons making the evaluation was greatly 
increased and the opinions of others, not necessarily 
paint experts, were also sought. 

From the data presented in Table 1 it can now 
readily be seen that both shellac and crankcase sealer 
along with several other pattern coatings, have inferior 
build. Several others have acceptable build, but there 
are only two coatings that have high enough build to 
insure good protection with one coat application, 
Coating A and Coating E. The drying time of shellac 
is slow in comparison to the majority of these coatings. 
Actually the drying time of shellac will be further 
retarded by humid conditions due to its affinity for 
moisture. The drying time of crankcase sealer is too 





Adhesion and flexibility under impact are shown by these 
wood panels finished with coating G (left), coating A 
(center) and coating D (right). 








Mahogany panels finished with shellac (lower left), coat- 
ing E (lower right) and coating A (top), illustrating 
effects of linseed oil-core sand resistance test. Shellac and 
coating E show serious sand sticking. 


fast for proper leveling and good brushability. Crank- 
case sealer is low in gloss and shellac has only fair gloss. 
Shellac and crankcase sealer both rate below most 
other coatings in appearance. As stated previously, 
shellac does have a very acceptable odor, but Coating 
A has an odor that is as good. 


Dry Film Characteristics 


The dry film characteristics are presented in Tale 2. 
This includes hardness, flexibility, abrasion resis: -nce, 
heat resistance, water resistance, and resistance t* core 
and and core sand binders. The dry film char :cter- 
istics are a measure of the coating’s ability to protect 
the pattern from the various external conditions 1t may 
be subjected to. 

Hardness is commonly determined by means of 
pencils. The film receives the rating of the hardest 
pencil lead which will crumble rather than dig into 
the film. The hardest pencil used in such determina- 
tions is usually a 7H and the hardness then decreases 
down through the H’s to 1H, then F, then HB then 
1B, and up through the B’s to 7B, the softest. Hardness 
is desirable in a paint film if it is not attained at the 
sacrifice of flexibility. A hard inflexible film will tend 
to chip, flake, and crack. Flexibility for this evaluation 
was determined by applying the coating to a flexible 
surface and then bending the surface to see how small 
a bend could be made before the coating cracked. 

From flexibility and hardness, toughness or abrasion 
resistance can generally be predicted. A good balance 
between hardness and flexibility must be attained be- 
fore a coating will have good abrasion resistance. The 
results presented in Table 2 were obtained with a 
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Tabor Abrasor. The coating is first applied to a metal 
plate and allowed to dry 72 hours. The metal plate 
is then rotated in a circular motion against an abrasive 
wheel which is held against the coating at a constant 
pressure. By weighing the metal plate before and after 
the test the loss of weight because of the coating being 
abraded away can be determined. The smaller the loss 
in weight the better the abrasion resistance. For this 
test each coating was run for 500 cycles against a CS 10 
abrasive wheel. This test can be compared to the abra- 
sive action of sand and from the results, the wearing 
properties of these pattern coatings in relation to each 
other can be predicted. 

The print resistance test conducted for this evalua- 
tion is a measure of the ability of the coating to with- 
stand pressure at elevated temperatures without soften- 
ing. This test is conducted at a temperature of 120 F 
which certainly cannot be considered extremely high. 
The film is allowed to dry 48 hours before being sub- 
jected to the test, which is simply subjecting the film 
in contact with cheesecloth to a pressure of 1 psi for 
one hour at the elevated temperature. The severity of 
the resulting impression, if any, is then observed. A 
coating that softens at 120 F is not practical for use 
on patterns. 

Two very interesting tests were conducted with core 
sand mixtures. One using the common linseed oil 
binder and the other using the urea-formaldehyde, 
water-soluble core binder. These mixtures were applied 
against the dried films under pressure and the resulting 
amount of sticking, and film softening observed. These 
tests are very important because any worthy pattern 
coating should stand up very well under such condi- 
tions. Softening will result in ultimate film breakdown, 
and sticking, can very easily ruin the core itself. 

Pattern coatings may be expected to come in contact 
with kerosene or gasoline and for this reason gasoline 
resistance tests were made. Coated wooden panels were 
immersed in gasoline for 24 hours and any softening, 
blistering or wrinkling was noted. No severe failures 
were observed, but several coatings softened noticeably. 


Test Resistance to Moisture 


One of the most important tests is the water resist- 
ance test. In this test small mahogany blocks were com- 
pletely coated by dip application. These blocks were 
first weighed and then completely immersed in water. 
After 24 hours the blocks were removed and weighed 
again. They were then put back in water for 120 hours 
and then weighed a third time. In this manner the 
water penetrating the coating and being absorbed into 
the wood was determined. This test is a measure of the 
ability of a coating to seal wood against water. The 
importance of this test to the patternmaker is self 
evident. Some coatings not only failed as effective 
moisture barriers, but cracked and peeled from the 
surface of the wood. 

A good pattern coating should show up well in all 
these tests. Just being outstanding in one particular 
test does not qualify a coating as being good. Particu- 
larly important are abrasion resistance, print resistance, 
the core sand resistance tests, and the ability to seal 
wood against water. Shellac makes a very poor showing 
in all these important properties. Crankcase sealer 
actually has better resistance to some of the tests than 
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some of the special pattern coatings. However, crank- 
case sealer falls below par on water-soluble core binder 
resistance, gasoline resistance and water penetration. 
Coating F has the best abrasion resistance but fails 
many of the other tests. Coating E has the best moisture 
sealing properties but shows poor abrasion resistance 
and a bad tendency to soften under any adverse condi- 
tions. Coating B also has good abrasion resistance, but 
is only fair in most of the other tests and has poor 
sealing properties. Coating A has very good abrasion 
resistance, very good moisture sealing ability and ex- 
cellent resistance to all other tests. Coating C also has 
good abrasion resistance and very good sealing proper- 
ties, but does not compare as well on the other resist- 
ance tests. Coating D fails badly on abrasion resistance 
and moisture sealing, but shows excellent results in 
all the other tests. Coating F is inferior in almost every 
respect, except as a moisture barrier. 


Cost Considerations 


When considering the cost of a coating, one of the 
most important factors to take into account is the 
amount of solids or film-forming ingredients. The 
solids are the costly part of any coating. When the coat- 
ing is applied and dries, all that will be left is the 
solids, and the thinner that was paid for will all be 
gone. If the coating was low in solids and high in sol- 
vent, most of what was paid for is lost. Naturally, the 
lower the solids the lower the cost. However, more of 
the low solids material will be required to equal the 
film thickness and protection attained with the higher 
solids coating. All the excess thinner and paint cans 
accompanying the low solids material represent costs 
of material for which the pattern maker does not re- 
ceive any protective coating. 

Another important factor is application time. High 
solids coatings permit a pattern to be properly covered 
with one coat. This cuts application time in half. or 
in some cases to one third. Time is money and therefore 
costs are again decreased through the use of higher 
solids coatings. 

Last, but not least, is quality. It stands to reason that 
in a quality coating better raw materials must be used 
and this fact tends to raise the cost of higher quality 
coatings. However, it is well worth a few additional 
pennies to obtain the best protection available. After 
all, the cost of the pattern coating is but a small fraction 
of the cost of the entire pattern, but the function that 
it performs in protecting a product of considerable 
worth can be invaluable. 

Shop conditions are important. There are no practi- 
cal protective coatings that are absolutely odorless. 
For this reason the best ventilation possible should be 
employed. The painting area should be kept as clean 
as possible. In dusty areas keeping the floor moist or 
oiled will be of considerable help in keeping the air 
clean. Any contamination in the air will naturally 
adhere very well to a freshly painted surface and the 
result is a rough finish. Here again proper ventilation 
will be of great assistance in keeping air borne con- 
tamination to a minimum. The use of a fast drying 
coating will also minimize the effects of poor shop 
conditions. 

Most pattern coatings are applied with brush and 
the selection of this brush is quite important. A coarse, 





Mahogany panels finished with coating B (lower left), 
coating F (lower right) and coating A (top), demonstrat- 
ing effects of water soluble core binder-core sand resistance 
test. Coating B shows moderate sticking and coating F 
shows verv bad sticking in this test; A shows no effect. 


short bristle brush will leave brush marks and cause 
streaking, sagging, and bubbling. The purchase of 
natural bristle brushes of reasoaable bristle length 
will prove verv worth while and the cost of such 
brushes is not excessive. A decent brush produces a 
much better appearing finish and permits the appli- 
cation of heavier coats without sagging. When applying 
the coating to a vertical surface the tendency to sag is 
also minimized if the final brush strokes are made 
verticallv. 

At present, spray application is of minor importance 
in the pattern industry. However, it might be profitable 
for some of the patternmakers to investigate this possi- 
bility, especially the bigger shops. Spraying does re- 
quire a spray booth, but the exhaust system of the 
booth will carry away most of the odors. Spray appli- 
cation is faster, permits faster drying and heavier 
application, gives better coverage on corners and results 
in better appearance. 


Guide to Choosing Pattern Coating 


The purpose of this paper has been to show the 
members of the pattern and foundry industries what 
is available in a pattern coating. The inferior qualities 
of commonly used coatings have been stressed and facts 
have been presented to substantiate these claims. It 
can be seen that no pattern coating is perfect. 

In the selection of a pattern coating the following 
items should he carefully considered as a guide to 
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Wood panels with shellac (left) and coating A (right) after 
water immersion. Note severe discoloration of the shellac 
because of noticeable affinity for moisture. 


obtaining the best available product: 

1. The solids should be high and brushability good 
so that sufficient build can be obtained with one coat 
to provide ample protection. 

2. The drying time should be reasonably fast, in the 
neighborhood of 30 to 45 minutes. The coating should 
dry equally well over all surfaces. 

3. The gloss should be high, grain raising tendencies 
low, and the coating should level out well if good 
appearance is desired. 

4. The odor should be mild and acceptable. 

5. The film should be hard and flexible so that 
abrasion resistance is high, providing long life before 
recoating is necessary. 

6. The film should be unaffected by reasonably high 
temperatures. 
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Wood blocks finished with coating D (top) and coating A 
(bottom) after 24-hour water immersion. The failure of 
coating D, through cracking, is readily apparent. 


7. The film should be resistant to core binders and 
release agents and should not cause sand sticking at 
reasonable pressures. 

8. The film should be unaffected by gasoline or 
kerosene. 

9. The film should be an effective seal against water 
penetration. 

It is hoped the data and comments presented will 
enable the users to select a pattern coating, such as 
Coating A, that will do a quality job for them, for such 
pattern coatings have been made available through 
extensive research. While the paint industry is justifi- 
ably proud of such coatings, there is still some room for 
improvement. The paint industry is highly competitive 
and patternmakers can demand and obtain from it 
pattern coatings as they want them. 
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A TECHNIQUE FOR CASTING TITANIUM 


By 


O. W. Simmons* and Hugh R. McCurdy** 


ABSTRACT 


An electric arc furnace has been developed at Frankford Ar- 
senal for making castings of titanium which weigh about 114 lb. 
Melting and casting are carried out in an —— water-cooled, 
gas-tight copper box to prevent contamination. Heat is intro- 
duced directly into the metal by a direct current arc maintained 
between a water-cooled, tungsten-tipped electrode as the cathode 
and the bath as the anode. The charge consists of a 1214 lb slug 
of titanium. The heat introduced by the arc melts a pool of 
metal weighing about three lb. The unmelted titanium “skull” 
serves as a crucible to hold the molten metal. The skull must 
be of the same alloy composition as that desired in the bath. 

An inert atmosphere of purified argon stabilizes the arc and 
protects the hot titanium from atmospheric contamination, The 
casting is formed by pouring into a mold by machined graphite. 


® The Army Ordnance Corps in recent years has been 
vitatly interested in developing titanium alloys so they 
may be substituted for the more common metals in 
ordnance applications. This interest is encouraged be- 
cause titanium is relatively abundant in the United 
States, being the fourth most prevalent structural ele- 
ment after aluminum, iron and magnesium. Further- 
more, many titanium alloys are light, strong, ductile, 
corrosion resistant and have good mechanical proper- 
ties over the temperature range between—75F and 
800F (—60C and 427C). 


Titanium products are now available from several 
commercial producers in this country, but these pro- 
ducts are entirely in the wrought form and are limited 
to plate, sheet, forgings, and a small amount of tubing 
and wire. No commercial source of titanium castings 
is known although there is some work directed toward 
development of casting techniques!. The problems of 
casting titanium are particularly difficult because 
titanium has a high melting point and is extremely 


* Metallurgist and ** Physical Science Aide, Pitman-Dunn 
Laboratories Department, Frankford Arsenal, Philadelphia. 


Published with permission of the Department of the Army. 


The opinions expressed in the paper are those of the authors and 
are not necessarily endorsed by the Department of the Army. 
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reactive in the molten condition. Although the casting 
of titanium is a complex process it may have economic 
justification because of the difficulties in machining 
titanium, and titanium alloy parts from wrought bars. 


Frankford Arsenal Arc Furnace 


Figure | is a cross-sectional view of the arc furnace 
used to melt and cast titanium alloys at Frankford 
Arsenal. The essential features of the furnace include 
the gas-tight water-cooled copper crucible and cover, 
the water-cooled tungsten-tipped electrode which has 
a 22 degree bend at its melting end, the electrically in- 
sulated electrode guide bushing in the cover, the inert 
argon atmosphere, the mold chamber, the graphite 
mold, the water-cooled copper mold-door and the 
trunnions for tilting the entire assembly. Figure 2 
shows the furnace (with all the parts identified) open 
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Fig. 1—-Diagram of the tilting arc-casting furnace assem- 
bly for melting and casting titanium. 
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for loading; and Fig. 3 tipped forward for pouring. 

Two sight glasses for observation of the melting 
operation are mounted in the brass furnace cover 
which is tightly sealed to the crucible rim by means 
of a rectangular O-ring. The moveable water-cooled 
electrode passes through a water-cooled stainless guide 
bushing which is sealed into, but electrically insulated 
from the cover by a micarta ring. Sleeves of gas mask 
tubing, not shown in the drawing, provide flexible 
seals for the electrode and the mold door. Heat is 
furnished by a direct-current arc maintained between 
the negatively charged electrode and the titanium 
skull acting as the anode. Power for the arc is provided 
by two 600-ampere direct-current welding generators 
connected in parallel. 

The mold is made up of graphite sections which are 
machined to shape and incorporate adequate draft so 
that they may be readily stripped from the casting 
after use without damage to the mold (Fig. 4A). 


Operation of Furnace 


Arc Melting Atmosphere. The cover is bolted onto the 
crucible so that the O-rings make a gas-tight seal. The 
retractable water-cooled door is adjusted so that it 
covers the mold as shown in Fig. 5A. The melting 
chamber and its charge are evacuated to a pressure of 
about one centimeter of mercury, absolute, by means of 
a mechanical pump, filled with argon (99.96-+- per cent 
pure) , and re-evacuated and refilled two more times. 
During this final refilling operation the argon atmos- 
phere is adjusted to a positive pressure of about two 
to three centimeters of mercury. The argon serves the 
dual purpose of providing an inert atmosphere to pro- 
tect the molten titanium and of permitting the forma- 
tion of a stable, easily controlled arc. 


Fig. 2—Tilting arc-casting furnace opened for loading re- 
veals the water-cooled mold door and tungsten-tipped 
electrode. Note extensive water cooling required. 
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Preparation of Pigs. A titanium casting must be 
homogeneous and uniform in composition to be ol 
maximum utility. The arc melting process is not con- 
ducive to making a uniform alloy from directh 
charged components, because only a small portion of 
the charge is molten at one time. Thus, it is necessary 
to provide melting stock which contains the desired 
alloy additions in uniform distribution. This is ac- 
complished by making preliminary pigs which have 
the desired alloy content evenly distributed through- 
out. Each pig weighs about 214 lb and is made in the 
following manner: 


Melt Titanium Sponge 


Approximately 0.6 lb of four to eight mesh Dupont 
process “A” titanium sponge is placed on the bottom 
of the crucible. No graphite insert is used during the 
preparation of pigs. Additional sponge of coarser size 
is charged over this bed until the furnace contains 
about 21% Ib of material. When it is desired, alloying 
elements can be added. These additions are made to 
the charge before closing the furnace. For carbon 
alloys, the desired amount of carbon is introduced as 
40 to 60 mesh high purity carbon powder or CS grade 
graphite powder. 

The amount of this powder required for the desired 
alloy is sprinkled on top of the sponge and during sub- 
sequent melting is thoroughly mixed into the titanium 
by means of the electric arc. When other alloying 
agents are to be used, they are mixed with the coarse 
titanium sponge. A few pieces of coarse titanium 
sponge are placed on this mixture so that the arc may 
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be struck against the sponge surface without contact- 
ing the alloy addition. 

The furnace is sealed and fiushed with argon as pre- 
viously described. The generators are set at 90 volts, 
open-circuit, and 200 amperes. The arc is struck and 
the electrode withdrawn to produce an arc of 23 to 26 
volts. As soon as a molten pool has formed the current 
is raised to about 600 to 700 amperes. This current is 
used to consolidate the alloy and the sponge into a 
shallow pig of the desired gross composition. After 
consolidation, the generators are shut off and the pig 
is allowed to cool for a half-hour before it is removed 
from the furnace. No special effort is made to insure 
complete solution of the alloy in the pig as this is ac- 
complished during subsequent melting in the skull. 
Briquetting under pressure would accomplish essential- 
ly the same purpose as pigging if a suitable press and 
dies were available. 


Melt Solid Block 

Preparation of the Skull. Titanium alloy castings of 
the desired composition and free from contamination 
are made in this furnace by using a block of solid titan- 
ium alloy as the charge. The electric arc is directed 
against the top of the block to bring this portion to the 
desired temperature. Characteristically, in this process 
only the top layer of the charge is molten. Because this 
molten metal is actually part of the solid container it 
is necessary that the skull as well as the bath should 
have the same alloy composition as that desired in the 
final casting. 

The block comprising the charge is made from five 
of the pigs described in the preceding section. These 
pigs are stacked on a 14 in. thick slab of graphite on 
the bottom of the copper crucible as shown in Fig. 5A. 
The furnace is sealed, evacuated, and flushed with 
argon as previously described. The pigs are then con- 
solidated by remelting with the arc into a skull weigh- 
ing about 1214 lb. This requires about ten minutes at 
600 to 700 amperes and 26 volts during which time the 
electrode is moved over the stacked pigs to effectively 
melt them into a single block. 

No effort is made to completely re-melt all of the 
pigs so that numerous voids are left around the sides 
of the skull. These convoluted voids do not impair the 
skull in any way and actually may improve its efficiency 











Fig. 3—Illustrating arc-casting furnace assembled and 
tipped forward as in pouring the casting. 


as thermal insulation. The graphite slab remains as an 
integral part of the skull in subsequent operations 
(Fig. 5 and 6). Since the metal at the bottom of the 
skull does not become molten and the diffusion of car- 
bon in titanium is extremely slow at the temperature 
of the graphite-skull interface, no carbon pick-up is 
realized. A separate skull of the correct composition 
must be provided for each alloy composition desired 
in the cast product. 


Mold Baked Out 


Preparation of the Mold. A high density, CS grade 
graphite is used for making the mold. The mold is 
made in sections machined to shape and incorporating 
adequate draft so that they may be readily stripped 
from the casting after use without damage. Prior to 
being used the first time for making a casting, the 
sections are packed in graphite powder for protection 
from the atmosphere and baked out for about an hour 
at 1200F. The baking operation removes residual hy- 
drocarbons and occluded gases to preclude their evolu- 
tion at the time of pouring which would contaminate 
the hot metal. 

Whenever a new mold is used without the baking 
pretreatment a dark blue stain is formed on the sur- 
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Fig. 4a (left)—Sections of the machined graphite mold ready for assembly. Fig. 4b (center)—A titanium casting 
after removal from the mold. Fig. 4c (right)—-Graphite mold assembled and held together with soft iron wire ready 
for use. The wear from 15 previous heats is clearly evident in the spalled corners of the mold sections. 
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Fig. 5—The four major steps in the production cycle of the tilting arc-casting furnace. 


face of the casting and the skull during the casting 
operation. Obviously, this stain is a layer of metal 
contaminated by the gases given off by the mold during 
casting, because the metal is always bright and uncon- 
taminated when the mold has been properly prebaked 
or previously used for casting. 

To make a casting the sections of the mold are as- 
sembled and held together with soft iron wire (Fig. 4A 
and 4C). The assembled mold is placed in the mold 
cavity and secured in position with graphite wedges 
preparatory to being filled. The water-cooled copper 
mold door is adjusted so that it covers the mold to pro- 
tect it from spatter and radiant heat until it is ready 
to be filled (Fig. 5A and 5B). 


Door Protects Mold 


Making a Casting. To make a casting in this furnace a 
skull of the desired composition is prepared from suit- 
able pigs as just described. The mold door is closed 
to protect the mold from radiant heat and metallic 
spatter during melting. 

After consolidation of the pigs, the heating is con- 
tinued to form a molten pool large enough to make 
a casting. The electrode tip is moved slowly about 
in a 4-in. diameter circle over the center of the skull 
for about five to eight minutes (Fig. 5B). This opera- 
tion at 600 to 700 amperes and 26 volts thoroughly 
preheats the skull and the preheating time is adjusted 
according to the fluidity of the alloy being melted. 
The current is then raised to approximately 1200 
amperes. The voltage which in arc melting is directly 
related to the arc gap is maintained at about 23 to 26 
volts. The increased current causes a deeper penetra- 
tion of the arc into the molten bath so that an adequate 
quantity of properly superheated metal may be pro- 
vided for the subsequent casting operation. 

A considerable excess of molten metal in the bath is 
required over that needed to fill the mold. This excess 


provides for the spine attaching the skull to the cast- 
ing (Fig. 5C), for any overflow around the sprue of the 
casting, and for the chilling that occurs when the arc 
is shut off prior to pouring. 


High Current Will Suffice 


When sufficient superheated metal has been ob- 
tained, usually about five minutes at the high current 
will suffice, the mold door is raised just enough to clear 
the mold entrance as shown in Fig. 5C; the supporting 
block, Item Q in Fig. 2, is removed; the current is 
turned off; and the metal is poured by tilting the entire 
furnace assembly on its trunnions (Fig. 3 and 5C). The 
final sequence of operations is done as rapidly as pos- 
sible to minimize cooling of the metal and to eliminate 
any splatter entering the mold once the door is raised. 
Less than two seconds elapse between the raising of 
the door and the completion of the pour. 


Cut Spine With Arc 

This process produces a casting which is still secured 
to the parent skull by a metal spine (Fig. 5C and 6). 
The spine must be severed before the casting and the 
mold may be removed from the furnace. To accom- 
plish this, the furnace is allowed to cool for six minutes 
in the pour position and is then returned to the up- 
right position for cut-off. The arc is restruck using 90 
volts open-circuit and 200 amperes. The current is 
raised to 350 amperes and the electrode spacing is 
adjusted to about 26 volts. The arc is first played on the 
surface of the skull to smooth out the edges, and then 
it is directed around the sides to melt down the metal 
accumulated there. This operation is usually com- 
pleted in about six minutes depending upon the 
amount of excess metal and its position in the crucible. 
When most of the excess metal has been remelted into 
the skull, the arc current is reduced to about 250 am- 
peres and the arc is used to sever the spine connecting 
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the skull with the casting (Fig. 5D). Figure 7 shows 
that the depression in the skull has been essentially 
filled in during the consolidation operation accom- 
panying cut-off. 

The cutting operation is facilitated by constructing 
the electrode with an inclined tip, (Fig. 1), so that the 
low-current arc may be directed against the actual 
metal to be removed. This final cutting operation re- 
quires less than two minutes for completion. A mini- 
mum of three hours is allowed for the skufl and casting 
to cool before the furnace is opened to avoid atmos- 
pheric contamination of the skull. 

Another casting can then be made using the same 
skull as the source of metal. In this case, however, since 
the starting material is a consolidated and cold skull, 
preheating time must be allowed. A casting can be 
poured about 15 to 20 minutes after striking the arc. 
During the last five minutes of this period the current 
is raised to about 1200 amperes in order to effect suf- 
ficient penetration of the heat into the bath to provide 
the required amount of superheated metal. The cavity 
in the skull of Fig. 6 is about I34-in. deep which was 
the penetration obtained in making the attached 
11% lb casting. 


Production Takes Time 


After two castings are made from each skull, a 2/4- 
lb pig of identical composition is added to replace the 
metal that has been cast. The present operating pro- 
cedure requires two days to produce six pigs for a new 
skull of each alloy, and after that from one to two 
castings can be made each day. 

Figure 4 shows a typical titanium casting and a 
graphite mold. The shrinkage during solidification is 
confined to the upper section of the modified keel- 
block casting so that test bars are machined only from 
the bottom bar. Between ten and 15 castings can be 
made in a mold before it must be replaced due to ex- 
cessive spalling of the graphite. The shape of this test 
bar casting was selected because it is relatively easy to 
machine the graphite into this configuration. 

Figure 8 is a cast titanium link which weighs about 
4 lb. The slot and the holes were formed about solid 
graphite cores secured in the graphite mold. On the 
small end of the link is an embossed letter M formed 
in an impression in the mold. This casting was made 
to illustrate the good definition possible in casting 
titanium. This “commercially pure” titanium casting 
has a Brinell hardness of 156. 


Design Considerations 


The most important phase of the casting problem 
is the development of a suitable method for melting 
titanium. This method must provide molten metal 
in sufficient quantity to fill the molds in one continuous 
pouring of short duration and the metal must be uni- 
form in composition and free from any contamination. 
These requirements pose many special problems, be- 
cause molten titanium will react with oxygen and 
nitrogen of the air and will attack all known structural 
materials and refractories which are at the temperature 
of the bath’. Furthermore, the products of these re- 
actions in the molten metal and even when present 
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only in traces will seriously embrittle it for subsequent 
use. 

Graphite is the only known refractory which has con- 
sistently shown any resistance to attack when contain- 
ing molten titanium, but even then the amount of car- 
bon dissolved exceeds 0.30 per cent and is so inconsist- 
ent it cannot be predicted in successive heats. As little 
as 0.15 per cent carbon limits the amount of most other 
alloying elements which may be introduced without 
lowering the ductility and seriously impairing the 
weldability of titanium. No heat treatment has been 
reported which will notably alleviate these deficiencies. 





Fig. 6—A titanium alloy casting attached to its parent 
skull by a metal spine formed from excess metal during 
pouring. Spine is normally severed with the arc before re- 
moval from the furnace. The cavity is 14 in. deep and 
the skull is 6 in. by 7 in. by 2% in. thick. 


Induction melting presents a compact method of 
melting under a protective inert atmosphere and the 
rapid stirring caused by the electrical field insures uni- 
form composition. However, no suitable crucible 
material other than graphite is available for use with 
titanium, so that this method is inadvisable where the 
inherent carbon pick-up is likely to be detrimental to 
the application of the product. 


Avoid Metal Contamination 


Arc melting provides a method for introducing the 
heat directly into the bath without contamination from 
the container or surroundings*®. The arc is main- 
tained between an electrode and the molten metal con- 
tained in an inert crucible which is water-cooled to 
prevent reaction with the molten titanium. Contami- 
nation by the air is prevented by melting in a vacuum 
or an inert atmosphere of argon or helium. 

Either an alternating current or a direct current arc 
may be used for melting, but each type of power has its 
own characteristics which adapt it for special applica- 
tions. For example, when the direct current arc is used 
the positive anode receives almost twice the amount of 
heat that is received by the negative cathode. Obvious- 
ly, when alternating current is used each electrode then 
is alternately anode and cathode. Thus, it is advisable 
to use the direct current arc for melting with an inert 
electrode, whereas either direct current or alternating 
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current may be used for the consumable electrode. 

The consumable electrode is very efficient with the 
high melting point metals such as molybdenum’, but 
an inert electrode is normally used for melting titan- 
ium except in special applications. The thermal 
emission efficiency of the arc increases rapidly as the 
electrode temperature is increased’. Titanium melts 
at a temperature below this optimum emissivity so 
that when made of titanium, the electrode melts off 
very rapidly without introducing sufficient heat into 
the bath to meet it completely. 


Prefer Inert Electrodes 

Inert electrodes are usually provided with water 
cooling and are tipped with graphite or tungsten to 
enable them to withstand the extremely high tem- 
perature of the electric arc. Furthermore, they are used 
with direct current and the electrode is connected as 
the cathode and the bath as the anode to benefit from 
the large difference in heat distribution between these 
two polarities. 

The problem of producing titanium castings is 
further complicated by the need for a mold material 
which not only will resist attack by the molten tita- 
nium flowing into it, but will also be practical for the 
production of castings. For instance, conventional sand 
molds suitable for use with steel have been utterly un- 
satisfactory for titanium because of the rapid reaction 
with the silica. Bonded refractories, shell molds, and 
investment molds are made by techniques which might 
be developed satisfactorily for use with titanium, 
but permanent molds of graphite were deemed the 
most practical for immediate use. 

The final requirement in satisfactorily making cast- 
ings is only slightly less important than those preced- 
ing. This is the means by which the molten metal is 
transferred into the mold from the bath. Bottom pour- 
ing and centrifuging methods are possible, but lip- 
pouring by tilting the complete apparatus was con- 
sidered to be the simplest for casting titanium. 


Conclusions 


As now developed, the tilting arc furnace is a useful 
tool for the laboratory production of small castings 
of titanium alloys for test purposes. This furnace is 
particularly suited to the production of small castings 
up to 11% lb in weight without contamination from 
the atmosphere, crucible material, or mold material. 

The principle of skull melting should be applicable 
to the production of larger castings, but probably 





Fig. 7—The cavity in the skull of Fig. 6 has been filled in 
during the consolidation operation accompanying cut-off 
of the spine. Cut-off is final step in furnace. 
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Fig. 8—A titanium link cast in the tilting arc-casting fur- 
nace. The mold and cores were made from solid graphite. 
This casting weighs about 1/2 Ib, has a hardness of 156 Bhn. 


would require a relatively cumbersome apparatus. 
Several advantages should accrue through the use of 
a larger furnace. For example: 

1. A larger furnace should be much more efficient 
because a proportionately smaller skull may be used 
than is required for the 114 lb casting. The surface to 
volume ratio of the skull in the large furnace is less, 
so that heat losses through the bottom and by radia- 
tion from the surface would be less. 

2. The larger furnace should facilitate the use of 
more flexible molding techniques such as the shell 
type of plastic bonded refractory sands if they prove 
to be practicable for titanium. Thus much more com- 
plicated shapes may be cast than are economically 
possible with the machined graphite molds. 

3. A larger furnace could be used to cast several 
small units at one time from a single runner. 
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ADVANTAGES OF INSULATING 
AN ACID ELECTRIC FURNACE ROOF 


By 


Charles C. Spencer* 


ABSTRACT 
By using standard materials which are readily available, the 
author has affected substantial savings in the initial cost of 
furnace roofs, in uninterrupted service derived from it, and 
rarely has to shut down the furnace for roof repairs. 


For many years the roof on the Electric Steel Casting 
Co. furnace was constructed of special shaped 13-in. 
silica bricks. The performance of these bricks was 
fairly satisfactory but they would occasionally spall, 
especially when operation was intermittent. The 
spalled pieces of brick would have to be raked off 
the slag before tapping, otherwise they would plug 
up the tapping hole. 

Various ways to correct this condition were tried, 
such as cooling the roof off after the last heat was 
tapped, raising the doors as soon as possible, and not 
charging up immediately after the bottom and side 
walls were repaired but charging the scrap into a 
cold furnace the next morning. This did not correct 
the spalling nor did it prolong the life of the roof. 


* Melting Supt., Electric Steel Castings Co., Indianapolis, Ind. 


The next method was to repair the bottom and side 
walls as soon as possible, charge up the furnace, and 
seal the doors and spout with sand. This seemed more 
satisfactory and it did decrease spalling, but roof life 
was still somewhat erratic. Minimum was approxi- 
mately 120 heats, the maximum approximately 225 
heats, averaging throughout the years approximately 
170 heats. This difference, it was believed was not 
caused by any great change in the production schedule, 
but rather due to spalling. 


Tried Insulation 


In 1940, experiments were started with a roof con- 
structed of 9-in. standard silica brick. After the bricks 
were laid up, they were covered with a proprietary 
insulating material that was being used successfully 
and extensively in open hearth furnace shops. This is 
made with expanded vermiculite in a special mesh 
assortment ranging from 14-in. to fines. It is a light 
fluffy aggregate, which readily mixes with water to 
form a smooth troweling, insulating plaster of great 
spreading power. 

It was troweled smooth to a thickness of 1-in., which 
is equal to approximately 7-in. of fire brick. The roof 





Furnace roof made up of 9-in. standard silica brick. 
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Insulation 1 in. thick more than doubles roof life. 
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ran 490 heats, and the experimental roof construction 
was adopted as standard practice. The method is: 

Build the circles that make the electrode openings 
first, wrapping a wire around the bottom and the top 
of the bricks to hold them in place. The wires are not 
removed from the brick but are allowed to become 
a part of the roof. The rest of the roof is laid up, 
starting from the water-cooled roof ring. The first row 
is 9-in. standard super duty clay brick. The remain- 
ing rows are 9-in. standard silica brick, consisting of 
straights, wedges, and No. 1, 2, and 3 arch. 

To cut bricks to form a tight and perfect circle is 
both tedious and costly, so where a whole brick will 
not fit, the opening is rammed with a mixture of gan- 
ister, fire clay and sulphite liquor water. When the 
opening is too small to ram, ground silica fire clay 
mixed with water is poured in the small openings. 

After the roof is laid with brick and all the holes 
filled in with ganister or ground silica fire clay, the 
insulating material is put on top of the brick and 
troweled smooth. 

Roof life has been doubled in the last 12 years, using 
the above construction. One contributing factor to this 
longevity, in the author’s opinion, is that the roof is 
insulated. From a maximum of 225 heats on the old 
type of roof using 13-in. brick, which in initial cost 
is more expensive than the 9-in. brick, the furnace 
went to a maximum of 525 heats on the new insulated 
roof. The experiment of using insulating material on 
the 13-in. brick was not carried out because the 9-in. 
brick serves very well. Average over the 12 years has 
been approximately 400 heats per roof. 

Insulation of the furnace roof performs a number 
of functions, which the writer believes justify the cost 
of the material and the labor to apply it. 

1. The 1 in. of insulation is equivalent to 7 in. of 
fire brick. This gives a tremendous weight saving since 
114 lb of the vermiculite mix will cover 1 sq ft of roof 
surface, 1 in. thick. A 9-ft diameter roof requires only 
about 80 lb. 

2. It gives more uniform power consumption. 

3. It keeps iron oxide away from the bricks, and 
doesn’t allow it to work down in the cracks where it 
would tend to erode the bricks faster. 

4. It serves as an electrical insulator between cooling 
rings, for it is a non-conductor of current. 

5. It gives a smooth seal and provides a good surface 
from which iron oxide and other dust can easily be 
removed by sweeping or blowing with an air hose. 
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6. It helps to hold cooling rings in place if flanges 
are embedded 14 in. in the material. 

7. It reduces spalling by protecting the refractory 
from the effect of sudden high temperatures in the 
initial service. This serves to allow expansion to occur 
at a slower rate, avoiding the stresses set up between 
hot and cold faces which otherwise results in spalling. 


DISCUSSION 
Chairman: C. H. Wyman, Burnside Steel Foundry Co., Chi 
cago. 
Co-Chairman: R. A. Wirscuey, A. P. Green Fire Brick Co., 
Chicago. 


Recorder: R. A. WITSCHEY. 

CHAIRMAN WYMAN: What insulating material do you use? 

Mr. SPENCER: It is a vermiculite-base insulating castable re 
fractory. One inch of this material is equivalent to about 7 in 
of brick. After we operate for about 200 heats and the roof 
has worn down to about 5 in., we add ¥% in. of insulation. 
After 300 heats we add another 1% in. of insulation. 

CHAIRMAN WYMAN: How is it applied? 

Mr. SPENCER: We use a wooden concrete float. We dry slowly 
with wood fire for about 15 hr. 

D. S. Bosma:* We are using this procedure too. Would you 
clarify the thickness of the arch? 

Mr. Spencer: It is 9 in. of refractory and 1 in. of insulation 
to start with. 

B. A. Lawson:* Are you using oxygen? What is the im- 
mersion time? Are you using special shapes? 

Mr. Spencer: We are using oxygen. Our immersion time 
varies but it probably averages 114 min. We are using standard 
9-in. series. 

MemBer: What size heat do you melt, how many heats total 
and how do uninsulated roofs compare? 

Mr. SPENCER: Ours is a 3-ton Heroult furnace but we melt 
5 to 6 tons. We have never tried an uninsulated 9-in. roof. 

W. A. ZeuNIk:* How do you use standard shapes in the 
center? Do you lay up the standard arch brick around the 
electrodes and wire them? 

Mr. SPENCER: We start the skew with clay brick and lay up 
to the center circle. The space in between is rammed with a 
mixture of silica-fire clay-water mix. 

MEMBER: Does not laying up these roofs require a_ brick 
mason? 

Mr. SPENCER: NO, we do it with ordinary labor. 

E. E. JoHNsON: * Do you lay brick dry? 

Mr. SPENCER: Yes, we lay dry and then coat over with a 
silica fire clay slurry. 

MEMBER: Do you coat the inside of the roof too? 

Mr. SPENCER: Yes, but the coating disappears after the first 
heat. 

A. J. Rem:° Do you ram fire clay gannister mix between 
the crevices to get rid of cutting and fitting? 

Mr. SPENCER: Yes, we do. 


1 Bucyrus-Erie Co., So. Milwaukee, Wis. 

2 Harrison Steel Castings Co., Attica, Ind. 

8 National Malleable & Steel Castings Co., Indianapolis, Ind. 
* Harbison-Walker Kefractories Co., Milwaukee, Wis. 

5 General Refractories Co., Indianapolis, Ind. 











PATTERNS FOR SHELL MOLDING 


Ray Olson* 


® What’s so mysterious about shell molding patterns? 
From the remarks occasionally heard, there must be 
a feeling of mystery concerning them. It is likely that 
this feeling is fostered by little or no knowledge of the 
action that takes place, both chemically and physically, 
in the making of a shell mold. When there is a rough 
understanding of this action, many of the pattern re- 
quirements are apparent, clearing away most of the 
mystery. 

A possible definition of a shell molding pattern is, 
one or more patterns located on one or two pattern 
plates. This equipment is constructed of a material 
which will stand repeated heating to a maximum of 
about 600 F. Pattern or patterns to be arranged on 
plates so that both halves, or cope and drag, match 
with locators established on the plate surface. The lo- 
cators are usually of a male and female type, set into 
and projecting above the plate surface, so as to create 
a corresponding condition on the joint face of the two 
halves of a shell mold. Provision is usually made in the 
plate area around the pattern for the installation of 
ejector pins, which push the shell from the pattern 
after curing. 

We could elaborate on this definition. Reference 
could be made to special requirements of shell core 
boxes. However, the general specifications above are 
the basic needs for producing most shell molds. 

Patterns used in this process usually consist of two 
fundamental types; those made of aluminum and those 
made of cast iron. Aluminum stands more or less alone 
as a material which can be processed at reasonable 
cost to produce a shell molding pattern which is suit- 
able for experimental and medium production usage. 
With some care and attention, aluminum patterns and 
plates will produce 5,000 or more shells before they 
need replacing. Very good results have been obtained 
with the use of aluminum plates 1 in. thick, pro- 
ducing 15 in. by 20 in. shells. Aluminum plaster cast 
plates are particularly adapted to irregular partings at 
the joint of the two shell mold halves. 


* Production Pattern & Foundry Co., Chicopee, Mass. 
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It is also profitable in some cases to replace alumi- 
num shell patterns as many as three times, and still not 
exceed the cost of initial cast iron equipment. This is 
particularly true if master patterns and pressure cast 
aluminum plates are used. 

In many cases, master patterns are made of alumi- 
num completely machined and carefully finished for 








Plaster casting permits close matching of partings. 











Aluminum master pattern has accurately machined teeth 
to correct shrinkage. Wood gating supplied with master, 
to be cast integrally with aluminum plate. 





Intricate patterns can be duplicated by using an aluminum 
master pattern and shell casting brass or iron patterns. 





Cast iron plate produces both halves of shell mold due to 
centerline parting. 


use in pressure plate making. This permits working to 
closer tolerances and decreases the possibility of master 
damage in case of re-use. 

Aluminum patterns can be machined and finished 
individually, and then secured to the pattern plate. 
Pattern dimensions can be accurately determined with 
this technique, and clean, sharp parting lines estab- 
lished. However, care must be exercised in fastening 
screws or bolts tightly, as repeated heating and cooling 
may tend to loosen them. This heat problem also pro- 
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motes corrosion in the threads, causing the screws to 
break when they are removed. Coating the screws with 
high temperature lubricants retards this tendency. Pat- 
terns, plates and gating cast integrally eliminate these 
fastening problems. 

In the cast iron class of shell patterns, two other 
materials are included: brass or bronze and steel pat 
terns. These are included in the cast iron grouping, be 
cause first, the cost of producing patterns of either of 
these two metals is comparable to cast iron costs, and 
second, their usage is minor compared with cast iron. 


Treatment for Cast Iron 


Long wearing iron patterns that will take a high 
surface finish can be made on an analysis similar to: 
carbon, 3.10 per cent; silicon, 1.90; manganese, 0.80; 
sulphur, 0.10; phosphorous, 0.10. This iron can be an- 
nealed at 1,500 degrees for one hour, if improved 
machinability is required for thin sections. Stress- 
relieved flat iron plates, ground to 14 in. thickness, are 
used with excellent results. 

Important savings can be made in the duplication 
of multiple impression iron, brass, or steel patterns. 
This is especially true if the shape of the patterns is 
somewhat complex, a type requiring a number of ma- 
chining operations. First, if a wood master pattern is 
used, it is made with an additional metal shrinkage or 
extra machining allowance. From this is made an 
aluminum master pattern which is accurately ma- 
chined and finished. This aluminum master is mount- 
ed on a small plate. This plate can be more or less 
standard and re-used indefinitely. From this plate- 
mounted master, small shells are made. These shells 
are then poured with the required pattern material. 
Usually, a small amount of finish is left on joint faces 
and extremely critical areas. The complicated surfaces 
of these shell cast patterns can be finished on the 
bench, eliminating much costly machining. 

Fine finishing of vertical surfaces of any type metal 
shell pattern requires close attention. This should 
consist of strokes perpendicular to the parting line, 
being careful not to create backdraft. 


Cause Pattern Damage 


One of the hazards of the use of aluminum patterns 
is their susceptibility to nicks and bumps. One of the 
most common causes of nicking is carelessness in re- 
moving a sticking shell. Very often, the closest tool at 
hand is used by the operator to remove a sticker. This 
might be a screwdriver, which is a dangerous tool so 
far as aluminum patterns are concerned. Pointed hard- 
wood sticks will do just as well; dowel stock is 
excellent. 

Another common cause of pattern damage is im- 
proper pattern storage. Shell molding patterns should 
be stored on edge in a storage rack. This rack should 
include pegs or other suitable supports to hold the 
plates upright. By allowing a small space between pat- 
terns, the ejector pins of one plate will not gouge the 
adjacent pattern. 

Shell molding is similar to other casting techniques 
from the draft allowance standpoint. This statement 
is made to counteract a general feeling that shell pat- 
terns require very little draft. 

Patterns should be made with sufficient draft allow- 
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ance to permit uninterrupted shell mold production 
with a broad range of sand-resin mixes, a thin shell, 
or a variation in condition of cure. 

The tighter the draft allowance, the more closely 
all of the above variables must be controlled. In some 
cases it has been impossible to place a sufficient num- 
ber of ejector pins in a plate to insure obtaining a 
shell in one piece, because of draft limitations. 

There is no standard angle that can be universally 
recommended for draft purposes. In contrast to green 
sand molding, holes or chambers in a pattern some- 
times eject more readily than an exterior projection, 
such as the holes in a wheel, as compared with the hub 
outside diameter. There seems to be a slight shrinking 
action of the cured shell against these outside di- 
ameters or projections. Shells can be made in steady 
production, with little or no draft on a few points, if 
other vertical surfaces have some excess draft allow- 
ance. In general, an attempt should be made to obtain 
the same draft allowance as would be used in green 
sand molding. Draft angles can be reduced by dressing 
down the patterns. Adding draft presents more of a 
probiem. 


Ejector Pin Design Important Factor 


Ejector pin design and placement constitute one of 
the most important factors in the production of shell 
molds. Many of us have started in this process on the 
premise that the ejection assembly required a sub- 
plate, or ejector plate, fitted with guide posts lined up 
with holes through the underside of the pattern plate. 
The ejection pin holes, in turn, had to be line bored, 
or otherwise matched in both pattern plate and ejector 
plate. These holes in our first patterns were all fitted 
with very few thousandths of an inch clearance. First, 
this arrangement was very costly. In some instances, 
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Long vertical draws require careful finishing with strokes 
perpendicular to parting line. 





Shells can be made with less draft in the bores. 
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Care should be taken to prevent pattern damage by using safe storage racks. 
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the cost of rigging a pattern with this ejection assem- 
bly equalled the cost of producing the patterns. Sec- 
ond, on many jobs it is necessary to relocate or add 
pins after tryout. This is, obviously, also expensive. 
Third, we found that the close fits required by this 
assembly were not suited to steady production; pins 
were sticking, due to the abrasive (galling) action of 
the fine grains of sand. 

The simplest, cheapest design of ejector pins seems 
to be working most satisfactorily. This design re- 
quires no sub-plate. If trouble should occur, and a pin 
or spring becomes damaged, it can be replaced in a 
minute without removing the pattern from produc- 
tion. One type of pin which is coming into increased 
usage is a slight modification of a common carriage 
bolt. The section immediately under the head is 
dressed or turned down to the bolt diameter, to permit 
the head to set flush on the face of the pattern plate. 
Best practice is to drill, not ream, a hole through the 
plate, at least 1/64 in. to 1/32 in. larger than the bolt 
diameter. Comparatively light stainless steel springs 
work very well, retained by the carriage bolt nut. 
The nut does not tend to loosen or turn, because of 
slight spring pressure. 


Carriage Bolts Good Ejectors 


Cotter pins and washers are also commonly used to 
retain the springs. The crowned head of the carriage 
bolt does not harm the joint face of the shell as long 
as it is not on a casting surface. In fact, tests have 
shown that this oval section has definitely less shearing 
action on hot, just-cured, shells than the flat, flush 
ejector pins which were first used. 

Another type of pin, similar in characteristics, is 
inexpensively produced of drill rod on a screw ma- 
chine. The head consists of a separate steel disc, re- 
tained by a snap ring. The spring is retained by a 
split washer, commonly used as a bearing retainer. One 
good feature of this pin is the fact that the relationship 
between the underside of the head and the bottom of 
the pin can be held to a few thousandths of an inch in 
the screw machine. This causes uniform ejection when 
the ejector platen contacts the bottom of the pins. 
With carriage bolts, the ends of the pins must be 
sized, because of coarse manufacturer’s tolerance. 





Cast iron plate with stripper sub-plate. Raised bars around 
edge of plate help maintain a flat shell surface. 


PATTERNS FOR SHELL MOLDING 


There are a number of techniques used to assemble 
and hold together the two halves of a shell mold for 
pouring. Some are poured with backup material, and 
others without. It is not the purpose of this article to 
discuss this phase of shell molding; however, regar«- 
less of the technique used, it is desirable to start with a 
reasonably flat joint surface. Some deviation from a 
flat, true surface is caused by variation of the rate of 
cooling of different portions of the newly ejected shell. 
Shell investing and curing conditions and sand-resin 
mixes greatly affect the degree of plasticity of a shell at 
the time of ejection. If a very flexible or plastic shell 
is immediately placed face down on a flat surface for 
ten to 15 seconds, it will tend to level out. 


How to Keep Shell Flat 


One of the best aids toward keeping a shell flat, par- 
ticularly around the edges is the following: raise the 
outer perimeter of the pattern plate, or of the frame 
around it, above the plate surface. A 14 in. high ledge 
is usually sufficient. The inside edge of the ledge de- 
termines the outline of the shell, and on it, generous 
draft should be allowed, such as five, ten, or 15 
degrees. The top of this inside edge should match up 
with the inside of the dump box, or investment cham- 
ber adaptor, if pattern is run on a shell molding ma- 
chine. This ledge prevents peel-back, which some- 
times occurs when the pattern and invested shell are 
removed from the investment chamber. There is also 
no tendency to curl in curing with this raised ledge. 

Larger patterns which have some depth above the 
parting line usually create straighter shells. The ver- 
tical shell section around the edge of the pattern acts 
as a rib, holding it flat. Runner and sprues have the 
same effect to a lesser degree. On extremely ftat pat- 
terns, it is sometimes advantageous to create a rib by 
mounting or casting on the plate surface, away from 
the casting cavity, a rectangular bar. In some cases, the 
use of these bars around one half of the shell and cor- 
respondingly matched grooves in the other half, sat- 
isfactorily lines up the mold. 

The mounting or casting of gating on a pattern 
plate is definitely part of a patternmaker’s job. How- 
ever, there are many who feel that the responsibility 
for design of this gating and the arrangement of the 





Simple design of ejector pins: they are easily installed 
and readily replaced. 








RAY OLSON 


patterns on a plate should also be assumed by the pat- 
ternshop. The foundry engineer or someone directly 
responsible for the production of the castings should 
assume this responsibility. There is nothing mysterious 
about shell casting gating. It may seem so on the first 
few attempts to run a specific casting, but the answer 
will finally appear. Best previous practice and judg- 
ment indicate that bottom gating should be used, and 
in the end, top gating will prove to be the answer. 


Vertical Pouring Brings in New Variables 

Vertical pouring brings in a whole new set of vari- 
ables, which can be overcome with trial and patience. 
One fallacy seems to have gained a foothold: that 
“shell castings do not have to be fed.” Tipping a cast- 
ing at 90 degrees may change the whole picture, as far 
as directional solidification and hot spots are con- 
cerned. In most cases, yield is improved with shell 
casting, due to less gating. However, if there ts a heavy 
section in the casting, which will remain molten after 
the gates are solid, it must be risered, fed, or chilled. 
One of the principal causes of shell casting defects is 
the extremely smooth surface of the shell, as compared 
with a conventional sand mold. This permits the metal 
to more or less slide into the casting cavity without 
the retarding, cleansing, or even combing effect of the 
sand mold surface. The shell castings may show evi- 
dence of dross or slag as a result of this condition. 

The one reason for emphasizing this point in a pat- 
tern discussion is to call the attention to the follow- 
ing: when gating a shell pattern, it may pay to add 
insurance in the form of slag traps, basins, dirt 
catchers, or strainers, to avoid scrap castings. 

Shell pattern equipment generally costs more to pro- 
duce than conventional sand foundry patterns. This 
increased cost has been aggravated by casting accuracy 
requirements which in many cases are academical. 
Some common sense is necessary in this tolerance ques- 
tion. Perhaps on small and medium sizes shell cast- 
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Raised ledge around of pattern plate helps to eliminate 
rejected shells. Raised steel strip between patterns per- 
mits breaking shell into two mold halves. 


ings, all but critical surfaces could stand tolerances of 
plus or minus 0.010 in. It is usually possible to pro- 
duce castings which will be true to pattern, within 
0.002 in. of pattern size, with a minimum tolerance of 
about 0.003 in. This, of course, is true only on those 
surfaces which are contained in one-half of the shell. 
Relationship between both halves of the shell are de- 
pendent upon the accuracy of fit and position of the 
locators. Tolerances across the parting line are entire- 
ly dependent upon the tightness of the joint around 
the casting cavity, and the support which may be nec- 
essary while the molten metal is solidifying. 

A casting is never more accurate than the pattern 
from which it is made. Higher productivity and closer 
tolerances in sand foundry practice have called for 
more skill and ingenuity on the part of the pattern- 
maker. In shell molding, both productivity require- 
ments and casting accuracies are reaching goals never 
before thought possrble. As ever in the past, pattern- 
makers will meet and are meeting the challenge and 
are providing tools for the job. 








A SIMPLIFIED COST SYSTEM 
FOR SMALL JOBBING FOUNDRIES 


By 


Roy W. McDonnell* 


ABSTRACT 
Keeping in mind that you can’t spend more money keeping 
track of foundry costs than you do producing castings, the author 
has outlined a simple cost system applicable to small shops. 
While not opposed to detailed, complicated systems, he feels 
there is need for an elementary method of determining foundry 
costs. 


# The overall cost of setting up and operating a 
detailed cost system is approximately the same for a 
foundry producing 500 tons a year as it is for a foundry 
producing 50,000 tons, but the cost per pound of such 
a system in the smaller plant, would be prohibitive. 
The smaller jobbing foundries need a simple method 
of accounting for foundry costs. They need a system 
that gives reasonably accurate costs without requiring 
a battery of cost accountants or industrial engineers. 
A review of the author’s cost system may be helpful 
even to foundries which have systems tailored to their 
own individual needs. 

First, consider the items that make up costs of operat- 
ing a foundry. They can be classified under five main 
headings. 


DIRECT PURCHASES EXPENSES— (Cont.) 


Scrap iron Machine repairs 

Pig iron Building repairs 

Ferroalloys Small tools 

Lime rock spalls Supplies—such as 

Coke Molding sand 

Refractories Chaplets 
Plumbago 


CUPOLA MEN’S TIME 


DIRECT LABOR 


Molding time 
Core time 


FACTORY EXPENSES 


Casting time 


Parting materials 
Power, light, heat, 

and water 
Depreciation 
Misc. expenses 
Group insurance 
Unemployment insurance 
Workmen's compensation 


Chipping time 
Supervision ADMINISTRATIVE 
Helpers Office salaries 


Auto expenses 
Travelling 
Advertising 


Stock cores 
Errors & defects 
Holiday pay 


* Treasurer, Letson & Burpee, Ltd., Vancouver, Canada. 
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ADMINISTRATIVE— (Continued) 


Legal Truck expenses 
Telephone & telegraph Exchange & bank charges 
Office expenses Selling expenses 
Subscriptions & dues Interest paid 

Donations General expenses 

Bad debts Insurance 

Shipping and receiving City taxes & license 


It can be seen that the total of direct purchases and 
cupola men’s time gives the cost of iron at the spout 
of the cupola. This figure, divided by the total pounds 
produced in a given period, gives the cost of melted 
iron per pound at the spout of the cupola. This can 
also be calculated from past experience as shown in 
the following example. 


Cost of a 700 pound cupola charge of gray iron 


Pig Iron, 140 Ib @ $79.40/ton $ 5.56 
Returns, 100 Ib @ 42.00/ton 2.10 
Scrap Steel, 70 Ib @ 28.00/ton .98 
Scrap Iron, 390 Ib @ 42.00/ton 8.19 
Manganese Briquettes, 7 Ib @ .149/Ib 1.04 
Ferrosilicon Briquettes, 5 Ib @ .1055/lb 3 
Silicon at Spout, 2 Ib @ .236/Ib 47 
Cost of Metal Charged, 714 Ib $18.87 
Lime Rock Spalls, 21 Ib @ $ 8.50/ton .09 
Patching Refractory, 25 lb @ 2.58/100 Ib 65 
Coke, 1671 Ib @ 34.05/ton 2.85 
Cupola Men's Time @ .0052/Ib 3.71 
Total Cost of Charge of 714 Ib $26.17 
Less returns, 15 per cent 107 lb @ $42.00/ton 2.2> 
607 Ib $23.92 

Less 5 per cent loss 36 Ib 
Salable Castings 571 Ib $.0419/Ib 


To keep this paper as simple as possible, 4¢/lb will 
be used for the melted cost of iron. This figure should 
remain fairly constant except for any major changes in 
the cost of material or labor. 

Direct Labor, is variable. This time must be kept 
separately and charged to the individual job on a work 
order or some similar method. Factory Expenses plus 
Administrative Expenses constitute total overhead. 
This can be added to costs on a percentage basis. 

As an example, take a past year’s or a past month’s 
operation from the profit and loss statement or general 
ledger. As this system is simple and easy to keep up, 
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it is suggested that monthly figures be used and kept 
up to date. Here is a typical month’s operation showing 
the operating costs and expenses in total only for the 
sake of simplicity. 








Total Sales $16,000.00 
Opening Inventory $2,000.00 
Direct Purchases 2,300.00 
$4,300.00 
Less Closing Inventory 1,000.00 
Total Direct Purchases $3,300.00 
Cupola Men's Time 700.00 
Melted Cost of Iron at Spout of Cupola $4,000.00 
Direct Labor (molding and coremaking) 2,000.00 
Direct Costs $6,000.00 
Factory Expenses $6,500.00 
Admin. Expenses 1,900.00 
Total Overhead 8,400.00 
Total Costs $14,400.00 
Net Profit Before Taxes $1,600.00 


Tonnage Produced: 100,000 pounds; Average Cost per Ib: 
$.144; Melted Cost per Ib: $.04. 

The problem now is to distribute the total overhead 
of $8,400.00. There are three ways this can be done 
but the one used should be the fairest, most accurate, 
and most equitable. The three methods are: 

1. On the direct labor of $2,000.00. Overhead: 
$8,400.00 or 420 per cent. 

2. On the direct costs of $6,000.00. Overhead: 
$8,400.00 or 140 per cent. 

3. On the tonnage or pounds produced—100,000 Ib. 
Overhead: $8,400.00 or $.084 per pound. 

The following examples assume a molder is paid 
$1.85 per hour. 


METHOD METHOD METHOD 
EXAMPLE A 1 2 3 

A 100-lb casting with 1 hr molding 

Melted Cost—100 Ib @ $.04 $4.00 $4.00 $4.00 
Direct Labor—1 hr @ $1.85 1.85 1.85 1.85 








Total Direct Costs 5.85 5.85 5.85 
Overhead 7.77 8.19 8.40 
Total Cost $13.62 $14.04 $14.25 
Cost per Ib .1362 .1404 1425 
EXAMPLE B 


A 200-lb casting with 1/2 hr molding 
Melted Cost—200 Ib @ $.04 $8.00 $8.00 $8.00 








Direct Labor—¥ hr @ $1.85 93 93 .93 
Total Direct Costs 8.93 8.93 8.93 
Overhead 3.91 12.50 16.80 
Total Cost $12.84 $21.43 $25.73 
Cost per Ib .0642 .1072 .1287 
EXAMPLE C 


A 50-Ib casting with 2 hr molding 
Melted Cost—50 Ib @ $.04 $2.00 $2.00 $2.00 
Direct Labor—2 hr @- $1.85 3.70 3.70 3.70 


Total Direct Costs 5.70 5.70 5.70 
Overhead 15.54 7.98 °~ 4.20 


Total Cost $21.24 $13.68 $9.90 
Cost per Ib .4248 -2736 .199 

In Example A, possibly an average casting, the 
method used makes little difference. The cost per 
pound is about the same. However, Examples B and C 
show sharp fluctuations in the cost per pound. While 
the last two examples are possibly extremes they are 
certainly not ridiculous. 
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The writer advocates the middle of the road method 
(Method 2) for recovering the total overhead. Charging 
out rates, which are derived from a cost system, must 
do two things. First, recover all costs and a fair margin 
of profit and second, give a selling price that is in line 
with competition. In the author’s company, Method 1 
and Method 3 fail to give a price in line with competi- 
tion. The cost in Method 1, Example B, is too low, 
giving only $3.91 towards overhead or $.0195 per Ib 
whereas many items in overhead vary directly with the 
weight of casting produced. For example, casting time, 
chipping time, helpers, molding sand, plumbago, truck 
expenses, shipping and receiving, etc. 

In Method I, Example C, cost is too high. An over- 
head figure of 420 per cent on molding labor of $1.85 
means that molder’s time has to be charged at $9.62 
per hour. It is quite possible for a molder to have | 1/4 
hours on a casting one day, | hour on the same casting 
the next day, and 3/4 hour on the following day. Time 
has been reduced 1/2 hour but costs have not been re- 
duced $4.81. If, in using Method 1, molding time can 
be cut in half by using match boards, calculated costs 
are cut drastically whereas the only cost actually cut is 
molding. Casting time, chipping time, helpers, etc., 
remain the same per pound with no extra overhead to 
compensate for it. 

In Method 3, Examples B and C, costs are too high 
and too low respectively. Some factory expenses such 
as chipping time, supervision, rejects, etc., do have a 
bearing on the molding and core time and Method 3 
applies no overhead to the molding and core time. 

Method 2, applies some of the overhead on the 
molding and core time and some on the metal, which 
seems to be the fairest on this simple cost system basis. 

Now it becomes fairly simple to figure the cost and 
selling price of a casting: 


Weight of Casting 500 Ib @ $.04 $20.00 
Molding and Core Time 5 hr @ 1.85 9.25 
Direct Costs $29.25 
Overhead 140 per cent 40.95 
Total Cost $70.20 
Profit say 10 per cent 7.02 
Selling Price $.1544 per lb $77.22 


Or, for simplification, the selling price is 2.64 times 
the direct costs and this can be added to the cost of the 
melted metal bringing it up to $.1056 (2.64 x $.04) 
and added to the molding time bringing it up to $4.884 
per hour (2.64 x 1.85). Then selling price becomes 





500 Ib @ $ .1056 $52.80 
5 hr @ $4.884 24.42 
Selling Price $77.22 


Thus, rate per pound on metal and a rate per hour on 
molding and coremaking have been established. 

When making special irons, the cost of the nickel, 
chromium, and other additions to the charge of iron 
should be added to your selling price after overhead 
and profit at cost plus a percentage for profit. For 
instance, if the cost of the additions to produce a 2 per 
cent nickel casting amounted to $0.15 per lb the charge 
might be $.02 per Ib extra. 

Many foundries are operated in conjunction with 
machine shops under one roof and some firms have 
difficulty in allocating the overhead common to both 
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departments. For instance, they might have only one 
shipper and receiver, salesmen selling for both foundry 
and machine shop, and an office administering both 
divisions. They also might have trouble with some of 
the depreciation, building maintenance and other 
items impossible to break down between foundry and 
machine shop. This can be overcome by putting these 
items in a general overhead group and pro rating the 
total between the foundry and machine shop. 


Need Estimator 


Regrettably, this system does not do away with an 
estimator. Whether a shop makes or loses money on a 
job depends a great deal on his skill. At any rate, it 
gives him a formula with which to work and many 
foundries do not know their costs on a job even when 
they know the time and the weight of the castings. 

Then too, it must be remembered, that increasing 
capacity 50 per cent by simply adding more men to the 
payroll, does not increase total overhead 50 per cent. 
Many items do not increase at all and some very little. 
Other items of course will increase in direct proportion 
to the increase tonnage. Should the opportunity of a 
very large order come up which will increase normal 
production considerably, an operator might be wise 
to take these factors into consideration. 


Cost SYSTEM FOR SMALL JOBBING FOUNDR\ 


This article was written with small jobbing foundries 


in mind. Manufacturing foundries with multiple pro 
duction runs present different problems and wher 
chipping and helping time, etc., can be charged directl) 
to the job some different method of applying the over 
head such as on the direct labor might be more feasible 
However, when these charges are put in overhead it 
means the greatest portion of foundry cost is being 
applied on the smallest portion on a percentage basis 
if applied to the direct labor. It is far better to apply 
this overhead figure on the greater figure of total direct 
costs which will help reduce sharp fluctuations on 
individual job costs. 


Not Foolproof 


This is not suggested as a foolproof system but the 
writer believes it will give small jobbing foundries a 
reasonably accurate method of determining their costs 
on individual jobs with a minimum amount of trouble 
and expense. Many systems and ideas have been 
brought forward during the past 15 to 20 years but one 
must wonder if the old time foundry operators were 
far wrong when they set price lists where the selling 
prices per pound were reduced as the weight cf the 
casting increased and placed a premium on the list for 
castings of a more complex nature. 








PRACTICAL HEAT TRANSFER 


AN 


By 


INTERPRETIVE REPORT 


Wm. S. Pellini* 


Foreword 

It is desirable along the line of a prolonged research 
or development investigation to look back and assess 
the situation which existed at the start, to review the 
goal intended, the direction taken, and the accom- 
plishment. Only thus may new sights be taken and 
proper decisions made as to the future course. After 
eight years of heat transfer research** under the aus- 
pices of the American Foundrymen’s Society, it is 
proper that such a review be presented and that fu- 
ture plans be discussed. 


Heat transfer is the very basis of the foundry indus- 
try—in great part, the foundryman’s every day work 
relates to transferring heat in and out of the metal in 
such a way as to end up with a salable casting and a 
profit. The efficiency with which he can accomplish 
this is dependent on his knowledge of established prac- 
tices and on the correctness of his intuitive deductions 
in cases such that the established know-how falls short 
of his requirements. The foundryman can never know 
enough regarding his most important working tool— 
practical heat transfer. The work on the Heat Transfer 
Committee should be recognized as having as its prin- 
cipal aim the development of new and more exact 
knowledge regarding the process of heat transfer as 
related to the solidification of castings, so that the 
foundryman will be provided with better working or 
“thinking” tools. It should be recognized also that the 
Committee’s interests are basic to the entire foundry 
industry and not specific to any specialized field of the 
industry. It is evident that with such aims the process 
is never fully completed . . . new goals will arise with 
time. However, practical accomplishments should ac- 


* Chairman, AFS Heat Transfer Committee; also, Head, Metal 
Processing Branch, Metallurgical Division, Naval Research Lab- 
oratory, Washington, D. C. 

** The AFS Heat Transfer Committee research covered by this 
report was conducted under the chairmanship of H. A. Schwartz, 
National Malleable & Steel Castings Co., Cleveland. Original 
members of the Committee (1945) included H. A. Schwartz, 
E. C. Troy, Palmyra, N. J., J. B. Caine, Wyoming, Ohio, and 
H. F. Taylor, Massachusetts Institute of Technology. The subject 
report has been reviewed and concurred with by the present 
membership of the Committee: H. A. Schwartz, E. C. Troy, 
J. B. Caine, V. Paschkis, Columbia University, C. E. Sims, 
Battelle Memorial Institute, and E. T. McGuire, Deere & Co., 
Moline, Ill. 
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BLEEDING 
NOT POSSIBLE 


Fig. 1—Why skin thickness observed in “pour out” tests 
doesn’t represent true solidification conditions. 


crue along the road requiring summarization and 
interpretation as is planned for this report. 

All technologies are basically dependent on a special- 
ized science related to their particular problems. Heat 
treating, for example, is greatly dependent on the 
science of transformations which occur in the solid 
material which is being cooled. Certainly, heat treating 
was carried out before the day of the development of 
the now classical S$ curve information. However, im- 
portant improvements resulted from the application 
of this know-how by practical heat treaters. Technolo- 
gies which operate with deficient scientific tools oper- 
ate at a disadvantage; in this respect the foundry field 
has operated at a disadvantage inasmuch as a basic 
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science related to the solidification of metals was essen- 
tially non-existent at the time of the starting of heat 
transfer work by the A.F.S. 

It is no overstatement that during the past eight 
years a solidification science has been evolved, in part, 
and that the period and process of its development 
compares in all respects with the period in the thirties 
which saw the evolution of a science related to heat 
treating. The foundrymen should, as the heat treaters 
did, begin as soon as possible to use the new informa- 
tion available to them. 

The approach taken by the Heat Transfer Commit- 
tee in the initial planning was considered rather radi- 
cal, and indeed it was. Heat transfer and solidification 
problems were to be studied, not on the foundry floor 
but on an electrical panel board having the appearance 
of a telephone exchange, i.e., the Electrical Analogue 
developed by Dr. V. Paschkis at Columbia University. 
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Fig. 2—Relation of Analogue freezing curves and “bleed” 
test data for sand and chill wall solidification of steel 
plates. Schematic dendrite structures indicate zone of 
mixed liquid and solid at various times. 


There was a reason for this. Dr. Paschkis had demon- 
strated repeatedly to industry that heat transfer prob- 
lems could be resolved by means of the Analogue. On 
the other hand, the only then available and used found- 
ry technique for solidification studies, the “pour out” 
or “bleed tests” had repeatedly failed to provide the 
needed information. Clearly, it was a time to try some- 
thing new. At that time direct solidification studies by 
means of thermal analysis methods which have been 
evolved since were not considered to be feasible. 

In great part the work to date has related to estab- 
lishing the nature of the solidification of metals. Proper 
risering, gating and mold practices depend on a knowl- 
edge of the manner by which metals solidify. In retro- 
spect, “bleeding” or “pour out” tests provided rough 
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approximations of the initial rates of freezing for cer- 
tain metals such as steels. However, no information wa 
provided as to the nature of freezing or of rates anc 
times of final solidification. For metals such as irons 
or non-ferrous types it was not even possible to obtain 
reliable relative freezing rate information at initia! 
stages. Figure 1 illustrates the bleeding test method 
and its shortcomings. Pour out at early and inter 
mediate stages of solidification is illustrated schemat 
ically. The dendrites are drawn as single columnar 
structures for simplification. It is recognized that 
mushy zone may, in many cases, consist of layers of 
dendrite crystals with various orientations, however, 
the degree of solidification (fraction of liquid and 
solid) is as represented by the schematic picturization 
of the skin growth process. 

It is illustrated that the remaining skin represents 
the actual solid skin plus part of the “mushy” mate- 
rial comprising intermixed solid and liquid. Under 
certain conditions part of the mushy material is dis- 
lodged and bled along with the liquid, under other 
conditions, which will become clear in later portions 
of this report, the mushy condition attains sufficient 
coherency to prevent bleeding and pour out is not 
possible. At this stage of our knowledge two general 
opinions prevailed regarding results of bleed tests: 


Opinions on Bleed Tests 


1. It represented misleading information since the 
thermal gradients which existed in solidifying castings 
should result in producing solid, mixed liquid and 
solid, and liquid zones as demanded by the constitu- 
tion diagram. (Minority opinion). 

2. The data were accurate, i.e., at any time a given 
position was either completely solid or completely 
liquid which conclusion necessitated the further con- 
clusion that the phase diagram did not apply to the 
“non-equilibrium” freezing of castings. (Majority 
opinion). 

The first major application of the Analogue was 
aimed at resolving this question. The problem specifi- 
cally concerned the determination of the nature of the 
solidification of steel plates of various thicknesses in 
comparison to bleed test data obtained by Clark at the 
Naval Research Laboratory. Two conditions of mold- 
ing were used, sand and chill backed by sand. Figure 2 
illustrates the general nature of the results obtained by 
the Analogue and pour out methods. The Analogue 
answer was characterized by two freezing curves, one 
denoting the time of first formation of solid metal at 
various distances from the casting wall and the other 
the time of complete solidification. 

The two curves indicated that freezing proceeded by 
the wavelike movement of a band of solidification 
(mushy zone) from the surface to the center. The pour 
test data (X points) characterize soldification as pro- 
ceeding by the growth of a completely solid skin at 
rates equal to the rate of initial formation of solid as 
deduced by the Analogue. The pour out test points 
were not carried beyond 0.6 distance to the center for 
the sand case and 0.8 distance for the chill case due to 
inability to bleed the castings beyond these respective 
times. Thermal analysis methods developed at Naval 
Research Laboratory at a later date have shown that 
the Analogue predictions were correct in all respects. 
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Figs. 3 and 4—Left: Heat liberated during cooling of 1 Ib 
of steel from 100 F above liquidus to 100 F below 


By consideration of Fig. 1 it is evident that the 
pour out method should agree with the “start of 
freeze” curves of the Analogue. It is also evident that 
bleeding should not be possible shortly after the start 
of freezing reaches the 0.6 and 0.8 distance positions 
quoted above, inasmuch as the start of freezing pro- 
gresses to the center very rapidly thus entrapping the 
remaining liquid and preventing further pour out. 
The width of the freezing bands and the shapes of the 
initial curves for the case of sand and chill also explain 
the reason for the ability to bleed to somewhat deeper 
positions in the case of the chill. 
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The two curves derived by the Analogue thus present 
a complete and accurate description of the course of 
freezing; the various shapes and rates which may be 
developed provide of wealth of practical information. 
In other words, these curves are the equivalent of the 
S curve information in that the rates and mode of 
transformation (liquid to solid) are defined graphically. 
Since the bleeding test data corresponded to points 
on the “start of freeze” wave of solidification, the time 
which was predicted as complete solidification of the 
casting by the bleeding tests actually represented the 
time at which solid began to form at the center. In the 
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Fig. 5—Schematic representation of the Electrical Analogue procedure for studying solidification of metal. 
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Fig. 6—Cooling curve method for determination of liquidus and solidus points to establish phase diagram. 


case of the chill wall the casting completely solidified 
a short time afterwards, however, in the case of the 
sand casting solidification did not occur until a much 
later time. In the case of the 4-in. plate cast in sand 
(Fig. 2) the bleed tests were in error by a factor of six 
in the prediction of final solidification times; in the 
case of the chill castings the error entailed a factor of 
two. 

Unfortunately the understanding of the mechanism 
of solidification at the time was not sufficiently ad- 
vanced to permit the above deduction regarding the 
significance of the Analogue data. It was erroneously 
concluded that the “start of freeze’ wave of the Ana- 
logue actually represented the end of feeding (hence, 
from a practical viewpoint a condition of final freezing) 
inasmuch as a check was obtained with the bleed ex- 
periments. The “end of freeze’ curve was therefore 
ignored as of no significance and accordingly the work 
performed during the next few years related only to 
the “start of freeze” curve (“end of freeze” either not 
determined or not considered). 


This, then unavoidable, error was unfortunate for 
we now know that the metal conditions and character- 
istics which are of concern to feeding to soundness, 
relative freezing rates of various sizes and shapes (riser- 
ing problem), etc., are related to the “end of freeze” 
curve. The significance of this will be more evident 
with the discussion of the various sections of this report. 
It is now recognized that the Analogue correctly pre- 
sented the course of solidification of the first casting 
problem which was presented and demonstrated the 
lack of reliability of bleeding tests. At the same time a 
completely new picture of the mechanism of solidifica- 
tion was unfolded. 

In the discussions which follow, the subsequent 
Analogue studies will be discussed and compared with 
direct experiment, i.e., thermal analysis data to indicate 
the extent to which the Analogue data have been 
corroborated by research on the foundry floor. For this 
purpose the general scheme of approach of Analogue 
and thermal analysis methods will be discussed as 
introductory material. 
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It is not within the purpose of this report to provide 
a detailed description of the operation of the Elec- 
trical Analogue from a viewpoint of the actual make-up 
of the equipment; this has been presented in detail 
by Dr. Paschkis in the various reports which have been 
issued. In keeping with the interpretive plan of the 
present report, it is of interest to discuss the general 
approach to a casting problem by means of the Ana- 
logue. Briefly, the elements which determine the trans- 
fer of heat may be represented in terms of electrical 
elements as follows: 
Electrical System 
(Analogue) 
Electrical Conductivity 
Electrical Capacity 
Voltage 
Current Flow 


Thermal System 
(Casting) 

Thermal Conductivity 
Thermal Capacity 
Temperature 

Heat Flow 





Before setting up an electrical system which is anal- 
ogous to a casting thermal system it is necessary to know 
the material properties of the metal and of the mold 
material. This basic requirement provides certain prac- 
tical difficulties for the thermal properties of the 
various metals are not always known exactly. One of 
the primary reasons for the emphasis on steel solidifica- 
tion during much of the initial work was the avail- 
ability of reliable data for the thermal properties of 
this metal. 

It should be noted in this respect that the Analogue 
may be used to “work backwards”, i.e., to determine 


TABLE 1—THERMAL CONSTANTS FOR STEEL AND SAND 





Property _ Solid Liquid Units 
Steel SpecificHeat .165 .200 _—Btu /Ib, °F 
Density 468 450 _—s— Ib/cu ft 
Heat of Fusion 126 Btu/Ib 
Conductivity 18.4 9.2  Btu/sq ft, hr, °F 
Sand Specific Heat .28 Btu/Ib, °F 
Density 93.6 Ib/cu ft 
Conductivity 9 Btu/sq ft, hr, °F 





Fig. 8—Steel cast against a_ chill. 
Note the “narrow band” freezing in 
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its own constants by adjustments to match the solidifi- 
cation conditions determined by a direct method such 
as thermal analysis. This means that the unknown con- 
stant is varied until the final answer matches the solidi- 
fication data by direct experiment; the constant thus 
determined may then be used for future work. Table 1 
presents a listing of the thermal constants adopted for 
steel and sand. 

The freezing range for most of the experiments was 
taken as 2700-2600 F, this corresponds roughly to a 
0.60% C steel (2720-2575 F). This choice was made 
originally in Analogue solidification work related to 
steel ingots and was “borrowed” when the A.F.S. work 
was started at the default of a better suggestion at the 
time. Actually, the 100 F freezing range is a good aver- 
age for the freezing range of steels within the practical 
limits of 0.20 to 0.60% C and the difference in liquidus 
temperatures between these steels is not sufficient to 
introduce major errors in the results of the heat 
transfer problem. 

The basic elements of a typical Analogue approach 
are illustrated schematically in Figs. 3, 4 and 5. Given 
the constants in Table | it is recognized that the solidi- 
fication of a unit mass must be accompanied by the 
removal of the various heats shown in Fig. 3; it is 
evident that the heat of solidification is by far the 
largest block of heat which must be removed. Accord- 
ingly, it follows that for any given rate of heat removal 
by the moid the time of cooling through the solidifica- 
tion range should be longest, since approximately 7-8 
times more heat has to be removed to cause a given 
temperature drop than at temperatures above or below 
the solidification range. 

The rates at which the heat is removed from the cast- 
ing depend on the thermal characteristics of the mold 
wall. The thermal constants of the two materials indi- 
cate, Fig. 4, that (assuming equal temperature gra- 
dients) in a given time period a unit volume of chill 
passes 20.4 times as much heat and absorbs 3 times as 
much heat as a similar volume of sand. Obviously, the 
sand should be expected to behave as a mildly insu- 














comparison to the “broad band” freez- 
ing observed for sand (Fig. 7). This 
is due to steeper thermal gradients 
developed in the casting as the result 
of the faster heat extraction of the 
chill, 
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thi 
lating material compared to a chill. It will be shown form of heat from each of the lumps in turn. Thus, the yi 
in the discussions to follow that the relative differences block of heat which represents superheat of the first dif 
in the heat removal capacities of sand and chill are lump leaks out to the mold system, then the heat of cul 
somewhat less than indicated by a simple consideration solidification begins to move out. 
of thermal constants since the thermal gradient con- During this time the superheat present in lump 2 
ditions which exist in sand molds are considerably will tend to flow into lump 1—its rate of flow is deter- 
steeper than in the case of chills. mined by the thermal conductivity of the castings 
Figure 5 presents an idealized picture of the solidifi- (electrical conductivity between lumps). In the case of 
cation problem as “set up” on the Analogue electrical the sand mold which withdraws heat slowly from lump 
system. The casting and mold are broken down into 1 there is considerable time for lump | to lump 2 heat 
“lumps” or discrete sections. Each section is character- flow to occur, then lump 3 to 2, etc. This means that 
ized by having electrical properties equivalent to the superheat will be eliminated in all lumps before very 
various “blocks” of heat. Thus, cooling in the range much heat of fusion (indicating solidification) flows 
above the liquidus necessitates the removal of the heat from lump 1. With superheat entirely eliminated the 
(stored current) denoted by the specific heat block, and temperature gradient conditions (voltage conditions in 
so forth. The properties of the lumps in the mold side Analogue) are as shown in curve C. The process is 
determine the rate at which heat can move out of the repeated in the heat of solidification range, each inner 
casting. In the sand case (shown) the thermal resistance lump transfers heat to the next outer lump which is 
(electrical resistance) in the sand side is high and heat at a lower temperature (voltage) condition. The higher 
passage (current flow) is slow. This permits a gradual the conductivity of the metal and the slower the passage Fig 
and progressive removal of the “highest temperature” of heat to the mold, the more equal will be the tem- cas 
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perature (voltage) gradient curves which traverse te 
lump system. 

Curve D represents a typical case for casting sand 
system; it is indicated that at the time lump | is com- 
pletely solid (all heat of solidification removed) exten- 
sive solidification has occurred in the inner lumps. If 
the sand mold is replaced by a chill, very fast heat trans- 
fer from the casting results. This means that the heat of 
lump 1 is literally “ripped” out of it; since very little 
time is allowed for heat flow from lump 2 to lump 1, 
etc., a curve such as Al is developed at very early times. 
This signifies that in extreme cases lump 1 may be 
completely solidified before the superheat of lump 2 
is removed. The process of heat removal from the inner 
lumps slows down with time, however, heat passage 
from casting to chill remains sufficiently fast to result 
in essentially a block by block freezing rather than 
several blocks freezing in unison as in the case of 
sand; compare chill and sand cases of Fig. 2. 

This mechanism of solidification from sand and chill 
walls has been shown to be correct by thermal analysis, 
gradient curve studies, as will be described. The Ana- 
logue data of the starting and ending of solidification 
of the various positions in the casting are plotted as 
“start” and “end of freeze curves’, shown on the lower 
right hand corner of Fig. 5. The plot represents the 
time at which heat of solidification first begins to pass 
from a given lump and the time the process is com- 
pleted and the lump has completely lost all of this heat. 

The process of thermal analysis requires discussion, 
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inasmuch as it has been shown to independently recog- 
nize the same features of solidification as the Analogue. 
Basically, thermal analysis is a lumping process also, 
in that thermocouples are used to determine cooling 
curves of small lumps of metal at various positions in 
the casting and the results are analyzed in integrated 
fashion. This method is basic, inasmuch cooling curves 
are used to determine phase diagrams (Fig. 6). 

It should be observed that such cooling curves do not 
represent truly equilibrium freezing but freezing under 
conditions of slow cooling; unless thermal gradients 
were established in the crucible solidification would 
never occur. These conditions are not unlike the cool- 
ing conditions of heavy sections in sand molds. In fact, 
if allowance is made for the effect of alloy elements, 
the actual undercooling of liquidus and solidus points 
observed in practical castings, even against chills is not 
greater than 10 F. This should not be surprising for it 
is well known that metals are highly difficult to under- 
cool unless of extremely high purity (devoid of all 
small foreign particles. gases, etc.) and the container 
is of glass-like smoothness. 

Figure 7 illustrates a typical thermal analysis ap- 
proach to the problem of determining the mechanism 
and rate of solidification of a sand casting. Cooling 
curves are obtained at various surface-to-center posi- 
tions across the casting (a number of positions such as 
shown in Fig. 7) and the time the first drop below the 
liquidus and solidus temperatures (corresponding to 
starting and ending of the flow of heat of fusion) are 
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Fig. 12—Radiograph showing center-line shrinkage in a 
cast steel bar. The shrinkage is developed as the result 


of lateral solidification proceeding at the same rate over 
this region. Riser was at right end. 
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taken as indicating the “start of freeze” and “end of 
freeze” at the respective locations. The cooling curve 
for the center couple establishes distinct liquidus and 
solidus temperatures so that it is not necessary to know 
the solidification range of the alloy in advance to de- 
duce its nature of solidification. Fig. 8 presents the 
case for a chill casting. 


Comparison of the cooling curves of Fig. 7 and 8 
shows that solidification occurs in a narrow band in 
the case of the chill wall which removes heat at a fast 
rate and in a very broad band in the case of the sand 
mold which removes heat slowly. The progress of 
solidification and the relative portions which are liq- 
uid, semi-solid or solid are denoted in the schematic 
casting diagrams and in the solidification curve dia- 
grams. It is obvious that the solidification curves pre- 
sent a clear picture of the process and rate of solidifica- 
tion from the casting wall to the center of the section. 
The exact shapes of the solidification curves both as to 
rates of progression of the “start” and “end of freeze” 
curves and the width of the solidification band (dis- 
tance between the two curves at any given time) are 
determined by the thermal properties of the casting 
and of the mold materials. 


Various Factors Influence Freezing Mechanism 


Figure 9 presents a summary of the factors which 
have been deduced to affect the width of the solidifica- 
tion band (width of mushy zone) developed during 
solidification. The data which support this generalized 
introductory picture of mold and metal effects will be 
discussed in detail in the following sections. The point 
to be made at this stage of the discussion is that the 
mechanism of solidification is determined both by the 
metal and the mold and that a great variety of condi- 
tions result from the great variety of combinations to 
be met in practice. However, the specific nature of 
freezing for a given metal in a given mold system is 
accurately defined by the solidification curves. 


A number of practical deductions may be made 
from such information. For example, it may be de- 
duced that the feeding of metal which solidifies in 
such a manner as to develop broad “mushy” regions 
should be more difficult than for metals which develop 
narrow “mushy” regions (Fig. 10). Solidification curves 
for the various commercial metals and mold materials 
could be assembled in the form such as the “S Curve 
Atlas for Transformations of Steels” and used as refer- 
ence by foundrymen in the same manner that S curves 
are used by heat treaters. 


In this respect, it should be recognized that S curves 
are specific to isothermal transformation and certain 
interpretations are required for practical use in the 
case of continuous cooling transformations typical of 
heat treatment cycles. In the case of solidification 
curves it is necessary to specify a fixed condition for 
which the time scale is strictly applicable; this condi- 
tion is that heat flow is occurring only in the direction 
perpendicular to the mold wall, i.e., there is no heat 
flow along the axis of the casting (to casting ends) or 
into the casting (from the riser). 


The significance of this stipulation is illustrated in 
Fig. 11 for the case of a long bar casting. Such a casting 
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may be divided into three zones: (1) a zone which loses 
heat both in the direction of the side surfaces and in 
the direction of the casting end; (2) a zone termed 
“semi-infinite” which loses heat only in the direction 
of the side surfaces; and (3) a zone next to the riser 
which is supplied with additional heat flowing froin 
the riser. In simple terms it may be said that the center 
zone does not know that a riser or a casting end exists. 
As the bar is made longer the lengths of zones 1 and 3 
remain fixed, however, zone 2 becomes longer by the 
exact amount that the casting is made longer. Obvi- 
ously, if the casting is made shorter zone 2 disappears. 


It should be noted that the nature of solidification is 
the same in all three zones (and also the riser) the 
differences in the three zones are only in the rates of 
solidification. This actually describes the process of 
“directional solidification”, i.e., the directional freezing 
from the casting end to the riser due to the varying 
rates of lateral solidification which exist along the 
length of the bar. “End of freeze” solidification curves 
1, 2, 3, 4 illustrate the relative rates of solidification 
(lateral) at various positions along the bar; inasmuch 
as all positions in the semi-infinite zone freeze at the 
rate of curve 3, solidification is not directional here. 


The movement of the “end of freeze” point along 
the centerline of the bar denotes the features of direc- 
tional solidification. It should be noted that since freez- 
ing occurs at the same rate in the semi-infinite zone, 
feeding is not possible at the last stages of solidification. 
This results in centerline shrinkage at this area; zones 
1 and 3 will remain sound (Fig. 12). Note also, that 
the rate of final freezing in a lateral direction is very 
fast (several inches per minute) in the last 14 in. at the 
center. This means that feed metal has to move in 
along choked-up, tortuous interdendritic paths at very 
high rates to compensate for the last amounts of liquid- 


‘solid shrinkage. The extent of the mushy zone (solidifi- 


cation band width) which exists during the last stages 
of freezing in great part determines the difficulty of 
movement of the liquid metal. Because of this difficulty 
a portion of zones | and 3 may develop shrinkage for 
metals which develop extensive mushy freezing despite 
the fact that solidification was directional. 


Solidification Curves Explain Feeding 


The point to be made is that the solidification curves 
of the various metals provide the necessary information 
to deduce the relative feeding difficulties. It is also to 
be noted that solidification curves which relate to semi- 
infinite casting sections (long bars, plates, cylinders, 
etc.) may be interpreted to faster or slower solidification 
rates depending on the position in the casting which 
is of interest, i.e., depending on the nearness to risers 
or casting edges. This is the practical interpretation 
of the solidification curves which the foundryman 
must make in considering practical problems. 


To date all of the published work performed with 
Analogue and to be discussed in this paper relates to 
semi-infinite positions. A paper presented at the 1953 
A.F.S. convention covers the first case of end effects 
and demonstrates the relative increase in solidification 
rates in a short cylinder as compared to a very long 
one. See “Solidification of Cylinders,” pages 142-149 
in this volume. 
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Relative Solidification Times of Castings 


Information as to practical methods of calculating 
the solidification times of castings has been long 
desired by foundrymen. There are many practical 
applications which could be made, such as calculating 
riser sizes, establishing shake-out times, etc. It is im- 
portant, therefore, to review the progress which has 
been made in this respect, and particularly the con- 
tributions of the Analogue approach to the problem. 

At the start of the A.F.S. heat transfer work two 
entirely different procedures for the calculation of 
relative solidification times were available. The two 
methods provided completely different answers and 
it was not known which of the two methods, or if 
either, was correct. Of the two, the use of solidifica- 
tion formulae of the type D—Ky/t-C (skin thickness 
proportional to square root of elapsed time minus a 
delay constant) was more generally known. These 
formulae merely represented the rate of growth of 
the skin developed in bleeding test studies. It was 
known that the formulae predicted skin growth only 
to approximately half thickness and that more com- 
plex and difficult formulae would be required to 
predict the last half of the skin growth cycle observed 
in the bleeding tests. In view of the demonstrated 
inadequacies of the bleeding test data it may now be 
concluded that such data of this type as exist in the 
old literature are of no significance to the calculation 
of relative solidification times. 
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Fig. 13—Analogue solidification curves for various steel 
castings illustrate shape, size, and mold effects. 
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The second method which was available is credited 
to Chvorinov; the method was evolved from theo- 
retical considerations and justified on a basis of 
thermal analysis check data. Chvorinov’s solution was 
first evolved for semi-infinite plates and expressed as 
the formula: 

T= (V/SA)?/M? 


T = freezing time, hours; V = volume; SA = surface 
area; and M — constant (2.09). 


While Chvorinov derived the formula only for the 
case of semi-infinite, i.e., large plates, it was claimed 
that the equation is valid for castings of finite size 
with only small error. It was also claimed by Chvor- 
inov that the relative freezing times of two shapes is 
predicted by the ratio of the relative (V/SA)?, that is: 


(V/SA)? of A 


=. — 


Solidification time of Casting A 


Solidification time of Casting B ~ (V/SA)? of B 





Clearly, the information provided is of great value 
if it could be shown to be valid. The Analogue accord- 
ingly was directed to resolving this problem. Figure 
13 presents Analogue solidification curves for various 
simple shapes, illustrating the case for sand and chill 
wall solidification. The same time-distance scale is 
used for the sand casting while an expanded scale of 
time is used for the case of the faster solidifying chill 
casting. These various curves were assembled into one 
figure to emphasize the effects of shape, thickness of 
casting and mold material on solidification times. 

The effect of shape (surface area to volume ratio) 
is very great as may be deduced from observation that 
a 4-in. plate requires 58 minutes to solidify, while a 
4.5-in. sphere requires only 8 minutes, i.¢e., approxi- 
mately the same time as required for a chilled 4-in. 
plate. It is also noted that the effects of thickness varia- 
tions for the same shape are not in direct relation to 
the thickness but to the square of the thickness dimen- 
sion as predicted by Chvorinov. 

Various calculations are presented in Appendix A 
to illustrate the reliability of the (V/SA)? relation, 
at least for shapes of simple geometry. It may be noted 
from the variety of calculations which are presented 
that there is considerable promise to the method; in 
many cases the calculations are very nearly exact. At 
our present state of knowledge it is concluded that 
the freezing times of simple shapes such as plates, 
cylinders, spheres, etc., may be calculated with a high 
degree of precision using Chvorinov’s formulae. 


Get Rough Approximation of Freezing Time 


Bars and probably rectangular and cube shapes 
freeze approximately 10-15 per cent slower than indi- 
cated by Chvorinov’s formulae. The use of a modified 
constant (1.92) evolved by the Naval Research Labor- 
atory permits accurate determination of freezing times 
for these shapes. It should be observed that these 
relationships hold for normal superheats of 150-200 F. 
Significant variations outside of these limits result 
in changes of freezing times in the order of 5-10 per 
cent (to be described in the sections which follow). 
Thus, as a generalization it may be stated that the 
calculations will generally provide answers in the 
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order of + 15 per cent of the actual values. For the 
case of short bars, cylinders or plates (roughly of a 
length less than 4 times the thickness) the calculations 
are only rough approximations of the actual freezing 
times. 

It should be recognized that for purposes of calcu- 
lating freezing times for the determination of riser 
sizes, complex castings require breaking down into 
the various sections which are fed by specific risers. 
This process, which has been explained in detail by 
Caine will be developed to a high degree of exactness 
once the feeding range and the effect of one section 
on the solidification of other sections which are joined 
to it are known accurately. Lately, feeding range data 
have become available, however, data of inter-effects 
of sections are still required. The obtaining of such 
data represents the next logical approach to the prob- 
lem of complex castings. 

In review of the published Analogue research re- 
ports concerned with relative freezing times it may 
be noted that the conclusions of these reports are in 
direct contradiction to the above interpretive com- 
ments regarding the Chvorinov approach. This is due 
to the incorrect assumptions, at the time, that “start 
of freeze” rather than the “end of freeze” curves indi- 
cated solidification times. Since the (V/SA)? relation- 
ships do not hold for the “start of freeze’’ curves it 
was concluded that the Chvorinov relationships were 
not valid even for simple shapes. With the realization 
that the “end of freeze” indicated the correct solidifi- 
cation end times the error was rectified and a review 
of the earlier data indicated the need for the revised 
conclusions which have been presented in the fore- 
going sections of this report. 


Effect of Metal Variables on Solidification 


The effects of superheat level and _ solidification 
range have been investigated in detail by the Ana- 
logue and checked by thermal analysis experiments. 
The data which are available present a clear picture 
of the effects of these variables. Figure 14 presents 
Analogue solidification curves for 6-in. spheres and 
4-in. plates cast with various levels of superheat, and 
similar Naval Research Laboratory data obtained by 
thermal analysis of 7 x 7-in. cast steel bars. It is read- 
ily apparent from these curves that high superheat 
causes an initial delay in the progression of the “‘start 
of freeze” curves. This represents a delay during the 
time superheat is being eliminated. Such an occur- 
rence should be expected inasmuch as the mold ac- 
cepts heat at a given rate and the delivery of superheat 
should occur at the expense of heat of fusion, thus 
resulting in a slower rate of formation of solid. 

It is indicated also that after superheat is elim- 
inated the “start of freeze” curves become parallel, 
i.e., solidification proceeds at the same rate regardless 
of the initial superheat, however, the curves are dis- 
placed on the time axis by an amount equal to the 
total delay occasioned during the loss of superheat. 
The relative displacement of the “end of freeze” 
curves is somewhat greater than that of the “start of 
freeze curves” resulting in bro :dening out of the 
solidification band, which signifies that freezing occurs 
with the formation of a somewhat wider mushy zone. 
The effect is not pronounced, however. The greater 
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Fig. 14—-Analogue and thermal analysis curves show 
superheat effects for various forms of steel castings. 


effect on the “end of freeze” curves may be ascribed 
to the heating of the mold wall which effectively has 
the same result as a slightly warm mold. 


Good Reason to Pour Cold? 


There also appears to be a greater effect in displac- 
ing the solidification curves in the case of plates as 
compared to spheres and bars, which indicates that the 
effect of superheat is somewhat dependent on shape 
factors. The evidence in this respect is not conclusive, 
however, it is observed that a “24 per cent delay per 
100 F superheat” is developed in the case of the plate 
while only “10 per cent delay per 100 F superheat”’ is 
developed in the case of the sphere and bar castings. If 
further research should show this to be true there ap- 
pears to be good reason to pour cold, because shapes of 
high V/SA ratios (slow freezing shapes) such as the 
cylindrical shapes used for risers develop less delay 
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than rangy shapes such as plates. Obviously, a riser 
system which is barely adequate for a rangy casting at 
low pouring temperatures would revert to being inade- 
quate at higher pouring temperatures. More research 
on this particular question appears to be highly desir- 
able in view of its practical significance. 

The effects of solidification range are illustrated in 
Fig. 15. It is apparent that the Analogue and thermal 
analysis methods are in agreement that narrower freez- 
ing ranges result in more progressive freezing. This 
signifies that the mushy zone developed during freez- 
ing is narrower, hence conducive to easier feeding. This 
fact has been checked experimentally and it was shown 
that 0.10% C steel which has a very narrow freezing 
band will feed to soundness for much longer distances 
in flat plates than 0.30% and 0.50% C steels which 
have broad freezing band characteristics. It may be ob- 
served also that the Analogue and thermal analysis 
predictions, while in the same direction, apparently 
disagree as to the degree of the effect. The disagreement 
may not be real, however, since the V/SA ratios of the 
two castings used are quite different (plate vs. bar). 
This represents another case of information which is 
required regarding shape factors. 

The effect of the conductivity of the solidifying metal 
on the end of freeze curves was also investigated by the 
Analogue. It was found that changing the conductivity 
by as much as + 20 per cent of the values determined 
for steel had no significant effect on the final solidifica- 
tion time. This is not surprising inasmuch as the con- 
ductivity of the steel is very much greater than the 
conductivity of the sand; accordingly the factor which 
limits heat flow is the sand itself. 


Conductivity of Metal Not Big Factor 


A water analogy may be made to this problem. If 
the rate of heat flow from the casting into the sand is 
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Fig. 15—Analogue and thermal analysis curves illus- 
trate freezing range effects for steel bars and plates. 
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represented by the rate of water flow through a small 
diameter pipe, it will be apparent that changing the 
size of the already larger pipe which exists in the cast- 
ing (higher conductivity through the casting) will have 
no effect on rate of heat passage (water flow) into the 
sand. Accordingly, solidification times should remain 
unchanged. 

This statement holds only for the case of sand molds. 
In the case of chills the conductivity is essentially simi- 
lar to that of the solidifying metal, hence it should be 
expected to have a great effect on solidification rates. 
Analogue studies related to the effect of conductivity 
for chill walls have not been carried out, however, ther- 
mal analysis studies have indicated that such is the 
case. 

The effects of specific heat and heat of fusion were 
also investigated. As should be expected, increasing 
the total amount of heat which must be removed dur- 
ing solidification has a pronounced effect on final 
solidification time. Increasing heat of fusion by 10 
per cent increased solidification time by approximately 
the same percentage. Increasing specific heat by 10 per 
cent had a considerably smaller effect. A consideration 
of the relative fraction of the total heat which must 
be removed during solidification, indicates that 10 per 
cent increase in specific heat means the addition of 
considerably less extra heat than a 10 per cent increase 
in heat of fusion. Obviously, the effect on solidification 
time should be in near proportion to the extra heat 
added or subtracted. 

Studies of metals other than steels by the Analogue 
have been of relatively limited nature to date. Figure 
16 presents Analogue data and comparative thermal 
analysis data for aluminum and copper alloys. The 
solidification curves of these alloys are compared also 
with curves determined for steel. It is apparent the two 
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Fig. 16—Solidification curves determined by Analogue 
and thermal analysis for non-ferrous metals compared 
with steel. High conductivity non-ferrous alloys show 
“broad band” freezing of entire casting section. 
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methods are in agreement in denoting that the solidi- 
fication of these very high conductivity alloys is char- 
acteristically different from the solidification of steel 
which has lower conductivity. 

While the steel develops a completely solid skin at 
intermediate solidification times, the non-ferrous alloys 
do not do so until very late stages of solidification. As 
the result, the subject non-ferrous castings becomes 
completely mushy from surface to center during a 
period which may be as long as 90 per cent of the total 
solidification time. Solidification during this time pro- 
ceeds by gradual thickening of the solid dendrites 
throughout the casting until very little liquid remains. 
When the final freezing wave moves through the casting 
there is very little liquid left to solidify and as the 
result the “end of freeze” wave proceeds at very high 
rates as denoted by the steepness of the final solidifica- 
tion line. 

The difficulty of feeding the tortuous, interdendritic 
channels existing throughout the casting from surface 
to center under conditions of very rapid final freezing 
accounts in part for the interdentric shrinkage and 
leakage channels which are typical of such alloys. The 
tendency of such alloys to “puncture through” from 
the skin when a gross shrink area is formed is also re- 
lated to the lack of a completely solid skin at inter- 
mediate stages of solidification. 

The development of general freezing throughout the 
casting despite narrow solidification ranges (10 F freez- 
ing range for 1 per cent Si-Al alloy for example) may 
be ascribed to the extremely high conductivity of these 
alloys. Effectively, only the very slightest thermal gra- 
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Fig. 17—Separate dendrite and eutectic freezing waves 
move across castings. Analogue “start of freeze” and 
bleed test data for white iron are compared with steel 
“start of freeze.” Thermal analysis solidification curves 
for gray and nodular irons compared with “end of freeze” 
(eutectie end) for 0.60%C steel show that solidification 
of irons is much slower. 
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dients can be developed across a solidifying casting, 
since heat flow can occur from the center outward with 
great rapidity (Fig. 9). Thus, the temperature near the 
surface can never be much lower than the center tem- 
perature, with the result that the solidification conci- 
tions which exist near the surface must necessarily be 
only slightly in advance of the solidification conditions 
which exist at the center. 

It is only with freezing ranges of essentially nil 
values (very high purity aluminum or copper) that 
such metals may be made to freeze progressively in 
sand molds. The only alternative for high conductivity 
alloys having an appreciable freezing range is to use 
mold walls of very high conductivities, i.e., to remove 
heat faster than can be moved across the solidifying 
casting. For aluminum and copper alloys this obviously 
is not practical, although thin, water-cooled mold walls 
may satisfy the requirements. 

It is observed from Fig. 16 that the solidification 
times of the non-ferrous alloys are in the order of the 
solidification of steel and longer. Two factors related 
to the rate of heat removal by the sand act to prolong 
the solidification time: (1) the lower interface tem- 
perature and (2) the lower conductivity of the sand at 
the lower temperature. The latter effect was clearly 
shown by the Analogue in an attempt to check Hun- 
sicker’s bleeding tests of aluminum. The first Analogue 
tests were made using the same sand conductivity 
which was used for steel, from which it was determined 
that the “‘start of freeze” curve traced an earlier path 
than the skin thickness curve developed by the bleeding 
tests. On reconsideration it was decided that an error 
had been made in that the lower conductivity of sand 
at aluminum solidification temperature should have 
been used. When this was done an excellent check was 
obtained. 

Investigation of the solidification characteristics of 
irons by the Analogue were performed only for the 
case of white iron of malleable grade (Fig. 17). In this 
case only the “start of freeze” curve was obtained and 
found to provide a good check at early stages with the 
skin growth observed for bleeding tests by Schwartz. 
Figure 17 also presents comparative solidification 
curves for steel to illustrate that the rates of initial 
freezing are quite similar. Inasmuch as the initial mode 
of freezing represents austenite dendrite formation in 
both cases this is not unexpected. 

Thermal analysis studies have indicated that the 
mechanism of solidification following the initial start 
of dendrite formation is considerably more complex 
than for steel (Fig. 17). It is observed that the solidifi- 
cation curves indicate the movement of several freez- 
ing waves across the casting section as demanded by 
the phase diagram of the complex iron alloys. It is also 
observed that the final solidification times of gray and 
nodular iron occur at considerably later times than the 
solidification of steels—at least twice as long is re- 
quired for complete solidification than for a 0.60% C 
steel. Several factors probably account for this behav- 
iour: (1) lower solidification temperature; (2) much 
wider solidification ranges necessitating the removal of 
extra amounts of specific heat of solid during solidifi- 
cation; (3) lower conductivity of the metal as the result 
of graphite formation. 
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It is apparent from the questions which have arisen 
concerning plain carbon steels, and the relatively 
sketchy information which exists relative to other 
metals, that a considerable amount of research remains 
to be performed. The methods to be used are now well 
defined and the interpretations which may be made 
are fairly well established. Ultimately a collection of 
solidification curves will become available to match 
the valuable S curves, which also have required years 
to gather and for which the process continues. 
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Fig. 18—How chill thickness affects solidification rates 
of steel. Effects are related to heat capacities of chills; 
air gap decreases rate of heat transfer. 
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Mold Variables 


The temperature conditions in the mold, insofar as 
the solidification of the casting is affected thereby, are 
of considerable interest to foundrymen. It was shown 
in the previous sections that the rate of heat extraction 
by the mold when varied over wide limits, such as sand 
to chill, not only affects the rate of solidification but 
also the nature of solidification itself. It is the purpose 
of the discussions which follow to consider the question 
of variations in mold conditions in greater detail. The 
effects on the solidification of the metal, as well as the 
reasons for such, will be considered inasmuch as an 
understanding of the heat transfer conditions in the 
mold provides the information required to effect prac- 
tical control over the solidification of castings. 


When Mold Is Saturated With Heat 


At the start of the A.F.S. heat transfer studies it was 
known that the temperature gradients in the sand ad- 
jacent to the casting were relatively steep in compari- 
son to chill gradients; also, that the interface temper- 
ature of the sand approached the temperature of the 
solidifying metal. Quantitative data as to the effect of 
variations in the properties of the sand, thickness of 
mold, dry vs. green sand, chill thickness and other such 
practical variables were not available. Following the 
exploratory work which provided quantitative data as 
to the solidification of metals under one specific con- 
dition of sand properties (dry sand of fixed conduc- 
tivity), the Analogue investigations were directed to 
similar exploratory work related to mold variables. At 
the same time thermal analysis data became available 
which served as a check on the Analogue data as well 
as providing related information. 

It should be recalled that the mold thickness con- 
ditions assumed for the previously discussed Analogue 
and thermal analysis studies related to “sufficient mold 
walls.” The significance of this concept requires dis- 
cussion. In simple terms this means that the mold walls 
were assumed to be of sufficient thickness to prevent a 
significant rise in temperature at the flask during the 
course of the solidification of the casting. In extreme 
cases the rise in temperature may be sufficient to ap- 
proach heat saturation. With the approach of satura- 
tion the mold is no longer able to absorb heat (specific 
heat capacity is used up) and while it can continue to 
pass heat to the exterior, the rate of heat transfer may 
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be decreased (chill) or increased (sand) as will be ex- 
plained in the following sections. 


Effect of Chill Size 


Figure 18 illustrates the case of chill sufficiency for a 
bar casting (steel) completely surrounded by chills of 
thickness equal to, less than, and greater than sufh- 
ciency. It is observed from the temperature gradients 
at the chill interface and chill outer surface that the 
insufficient chill (0.4 of the casting thickness —0.4T) 
becomes saturated with heat early during the solidifi- 
cation period and that its temperature continues to 
rise during solidification. Also, that the temperature 
difference between interface and surface is small (ap- 
prox. 150 F) indicating relatively slow passage of heat. 
If the chill were made much smaller, say 0.1T, the chill 
temperature would approach the casting temperature 
at early times and such a chill would act as if it were 
an extension of the casting—i.e., it would pass but not 
absorb heat. The effect of such a thin chill would be 
felt only during the very first period of solidification. 
For purposes of countering a hot spot without “‘freez- 
ing off” the section it is necessary to use thin chills 
which have such a short time action. 

It is observed that the sufficient 0.7T chill develops 
a nearly constant temperature at its interface during 
solidification and that the surface temperature con- 
tinues to rise. Such a chill strikes a heat transfer bal- 
ance with the casting, passing heat at about the same 
rate it is received from the casting. The oversufficient 
1.2T chill develops a falling temperature after the 
initial rapid heat transfer is decreased. Heavier chills 
behave in a similar but more drastic fashion. 

In order to understand the described behaviour it 
is necessary to consider the fact that volume rates of 
solidification (lower left, Fig. 18) constantly decrease 
with time, in contradistinction to the increasing rate 
shown by the previously discussed linear solidification 
curves. Since a greater total amount of metal is solidi- 
fied during early times there is a greater heat load to 
be transferred at early times, hence the natural ten- 
dency for the heavy chill to cool-off during later stages 
of solidification. 

There is moreover another effect, i.e., the formation 
of an air gap at the casting-chill interface due to shrink- 
age of the solid portions of the solidifying casting. 
From Analogue and related studies by Paschkis it is 
concluded that the exact width of the air gap is not 
important, at least for the high melting point metals, 
since heat is radiated across the chill-casting gap. The 
formation of an air gap is demonstrated by the Ana- 
logue and thermal analysis to decrease the rate of heat 
flow which prevails during the “contact” period, i.e., 
during the time that the intimate contact of casting 
and chill permits direct heat transfer by conduction. 
The rate of solidification is decreased as the result. 
There are conditions, however, such that an air gap 
cannot form (for example casting located over the 
chill) under such conditions the chill interface reaches 
a higher temperature (lower left, Fig. 18). 

The effect of chill sufficiency is indicated by the 
solidification curves. Within the limits of chill 
thickness represented (1.2T to 0.4T), an increase of 10 
per cent in solidification time is noted for the insuff- 
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cient chill. It is also observed that at early times of 
solidification the metal does not know whether it is 
against a 0.4T or 1.2T chill. This should be expected, 
inasmuch as the chills did not have time to heat 
through, hence all act as very thick chills at early times. 

The effects of sand thickness, if a steel flask is used, 
are the reverse of that observed for the chill, as shown 
by Fig. 19. It is observed that the casting-sand interface 
essentially holds a fixed temperature (very close to 
solidus temperature) during solidification, irrespective 
of the sand thickness. The temperature of the sand at 
the flask interface is raised considerably if the mold 
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wall is less than approximately 1.4T, resulting in a 
more rapid transfer of heat than in the case of suffi- 
cient or over sufficient sand walls. The reason for this 
may be found in the fact that the sand is heated 
through and therefore becomes a better heat conduc- 
tor. It has been shown that the conductivity of sand 
increases with temperature since most of the heat trans- 
fer is by radiation from grain to grain—the higher the 
temperature the greater the transfer of radiant heat. 
This fact also explains why the formation of an air 
gap (if such occurs has not been established) at the 
sand interface should not be expected to result in a 
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significant difference in the rate of heat passage from 
casting to sand. At least,the temperature records at the 
interface show no sign of an air gap “hump” observed 
in the case of chills. The action of the flask in entering 
into heat extraction from the casting results in faster 
solidification. With the conditions shown, a 10 per 
cent decrease in solidification time was observed. It 
should be noted that unlike the case for the chill there 
is no effect in increasing the sand thickness above the 
point of sufficiency. 

The action of the flask indicates that metal mold in- 
serts may act as indirect chills even when located con- 
siderable distances from the mold cavity. Care should 
therefore be exercised in placing rods, etc., particularly 
near risers. The practice of placing risers near flask cor- 
ners with a small thickness of sand separating the riser 
from the flask obviously will result in defeating the 
riser by virtue of a decreasing its solidification time. 

The problem of thermal property variations of com- 
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conductivity is very great as may be deduced from Tan- 
awasa’s data. Common moisture contents of 4 per cent 
increase the effective conductivity approximately 314 
times. These last data are somewhat misleading, how- 
ever, for as shown by the Analogue the effect of high 
conductivity due to the presence of water is momen- 
tary and moreover represents an “effective” or apparent 
increase rather than true change in thermal conductiv- 
ity properties. Figure 20 illustrates Analogue data 
which indicates that the several-fold rate of heat ex- 
traction is developed only during the period (approx- 
imately 1 second) that the moist sand at the interface 
is dried. During this period the water is changed to 
steam and the extra heat is removed by convection of 
steam through the air spaces of the mold. As soon as 
this process is completed the interface is occupied by 
dry sand and thereafter the controlling effect is pri- 
marily that of the dry sand conductivify of this initially 
thin layer. On this basis the Analogue predicts that 





Fig. 20—Graphs (upper left) show 
how thermal conductivity of sands in- 
creases with temperature. Momen- 
tary high conductivity when metal 
first contacts green sand is lost as sand 1000 
dries, assumes normal conductivity. 
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Fig. 21—-Thermal analysis curves 
(lower left) indicate small increase in . 
solidification rate of thick castings = 600 
due to moist sand. For thin-walled i 
castings (probably less than 1/2 in.) 
effect should be greater. 
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mon foundry sands is difficult to analyze inasmuch as 
the properties are highly temperature sensitive. Despite 
the complexity of the problem the Analogue has pro- 
vided answers which are of considerable practical in- 
terest. Before the problem could be studied it was nec- 
essary to obtain data regarding the specific conductivi- 
ties of various sands over the entire temperature range 
of 75 F to metal solidus temperatures. Conductivity 
data for dry sands were obtained by Lucks; the effect 
of moisture on conductivity was determined from data 
reported by Tanawasa. Figure 20 summarizes the vari- 
ous data; it may be observed that the conductivity of 
sands increases markedly with temperature in the 
range of 1000-2300 F and that increasing grain size re- 
sults in a more rapid increase of conductivity with tem- 
perature. This effect is due to the previously described 
condition of heat transfer by radiation from grain to 
grain. Filling of the intergrain spaces with fines results 
in decreased conductivity since the effective path for 
radiation is diminished. 

The effect of moisture content on the 


‘ 


‘apparent” 


the solidification times of large castings should be rela- 
tively unaffected by water content of the sand. Thin 
castings, however, should be greatly influenced by the 
presence of water. 

Figure 21 presents thermal analysis data for a heavy 
section which indicate approximately a 5 per cent de- 
crease in solidification time due to the presence of 
water. This is in agreement with the Analogue pre- 
dictions. It is believed that the continuing slight effect 
of water following the formation of the initial dry 
layer, is due to the continuing extraction of added heat 
in the sand layer which is at steam temperatures. The 
effect may be visualized as being somewhat similar to 
the presence of a mild chill which moves outward in 
the mold with the movement of the 212 F zone. 


Dry and Green Sand Effects 


Figure 22 illustrates the temperature conditions 
which exist in dry and green sand molds at various 
times during solidification as indicated by the Ana- 
logue and by thermal analysis. The Analogue studies 
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were limited to very short times since the primary in- 
terest was the effect of initial drying of the sand at the 
interface. It is noted that the Analogue correctly indi- 
cates the gradient conditions observed by thermal an- 
alysis at very early times. The thermal analysis curves 
for later times indicate clearly the “steam hold” or 
isothermal zone which represents the region of steam 
formation in the case of green sand. The main differ- 
ence in the thermal gradient curves for green and dry 
sand concerns the nature of the gradients at tempera- 
tures near 212 F. Since the 212 F steam hold is not de- 
veloped in the case of the dry sand the thermal gradient 
conditions extend a somewhat greater distance into the 
mold. This indicates that the depths of heating of a 
dry sand mold are always somewhat greater than for 
a green sand mold, the differences are quite small, 
however. 

Figure 22 presents data indicating the rates of pene- 
tration of various temperature points into the sand 
mold wall. The rate of penetration of the 200 F tem- 
perature point is relatively rapid compared to that of 
the higher temperatures. At the end of 50 minutes 
(approximate solidification time for a 7 x 7-in. bar of 
steel) the 200 F point has penetrated to approximately 
5 inches while the 2000 F point has penetrated only to 
approximately 34-in. These data are of interest in indi- 
cating the complexity of the problem concerning sand 
properties (hot strength, plasticity, etc.). 

Obviously a steep gradient of sand properties must 
exist to match the steep thermal gradients observed. 
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Fig. 23—Analogue “start” and “end of freeze” times for 
sands for various thermal conductivities. 


PRACTICAL HEAT TRANSFER 


The steepness of the thermal gradients and the slow 
nature of heat penetration depicted by these curves 
illustrate the poor thermal conductivity of sand. It is 
significant that the effects of sand (variations in thick. 
ness of mold wall for example) are best visualized by 
considered the sand as having the characteristics of an 
insulating material rather than a conducting material. 

Actual differences in thermal conductivity of the 
sand, as contrasted to the apparent differences due to 
the short lived steam formation at the interface layer, 
have a censiderable effect on solidification rates. Ana- 
logue data for the solidification of a 4-in. steel slab 
with the sand properties varied to conform to the rela- 
tive conductivities of the sands used by Lucks are 
presented in Fig. 23. The conductivity values were 
taken to represent an average conductivity of the over- 
all gradient zone for ease of study. The effect of con- 
ductivity on “start of freeze” time is observed to be 
rather small, however, for the “end of freeze” time the 
effect is quite pronounced. It is indicated that decreas- 
ing the conductivity by one half (0.4 to 0.2) results in 
an increase in solidification time of approximately 50 
per cent. This surprisingly large effect due to varia- 
tions of practical sands requires confirmation before 
acceptance. 

Thermal analysis data for the solidification of a 4-in. 
steel slab in green sand indicate an effective K value of 
0.55 when plotted on the curve of Analogue relation- 
ships for solidification time and conductivity. It is 
indicated that the 0.9 K value used for all of the pre- 
viously discussed Analogue investigations represent a 
good approximation of the effective conductivity of the 
gradient zone. 

The Analogue investigations for the 1952-1953 pe- 
riod entail an evaluation of the effects of casting edges 
or “ends” on the solidification of a simple cylindrical 
shape, varying in length from 1T (length equal to 
diameter) to 7T. This investigation may be recognized 
as a first approach to the problem of the solidification 
of complex shapes, i.e., castings having longitudinal as 
well as lateral heat flow patterns. Such a methodical 
step by step approach is required to obtain funda- 
mental answers to the most important of the remain- 
ing problems concerning the solidification of castings. 

While there is no question as to the importance of 
this phase of investigation, certain practical aspects 
related to the complexities of the Analogue problem 
indicate that this approach should be reconsidered for 
future planning purposes. The difficulties mentioned 
relate to the fact that two-directional heat flow re- 
quires the use of complicated Electrical Analogue wir- 
ing systems, inasmuch as a double system of casting 
“lumps” must be used. Therefore, it is indicated that 
such studies may perhaps be conducted to best advan- 
tage by using thermal analysis methods, particularly 
if several shapes are to be considered. This follows 
from the fact that a new wiring “set up” must be made 
for each new shape while studies related to metal or 
mold variables of a single shape may be made simply 
by varying the capacitance and resistivity of the various 
electrical components—an easier and considerably less 
expensive change. 

In essence this means that property changes and 
simple shape changes may be made and studies con- 
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ducted at a lesser cost than for thermal analysis meth- 
ods. The cost of a single thermal analysis study is fixed 
and does not decrease with number of studies, this is 
not true for Analogue studies for the initial cost of 
the wiring “set up” is a major item, particularly if the 
“set up” is complex. This discussion serves to indicate 
the apparent fields of casting solidification and related 
studies which are best handled by thermal analysis and 
by Electrical Analogue methods. Such practical con- 
siderations must necessarily serve as guides for the 
planning of future investigations. 


Plan Future Work 


A considerable number of important investigations 
concerned with single direction heat flow (semi-in- 
finite shapes), such as described in the body of this 
report, remain for future work; several of these have 
been indicated previously. For purposes of summariza- 
tion these may be grouped as follows: 

1. Metal Variables: Studies concerned with the 
solidification features of various practical metals. The 
limitations of this approach involve the availability 
of proper thermal constants for the various metals. 

2. Shape Factor Variables: Studies concerned 
with the effects of shape on solidification time, i.e., 
such as the effect of superheat, etc., on the solidifica- 
tion time of “rangy” and “chunky” shapes. 

3. Mold Factor Variables: Studies concerned with 
heat flow rates in sands. Such studies could relate not 
only to the effects on the solidification of the metal but 
also on the sand itself. For example: (a) Thermal 
gradients developed in cope surfaces due to radiant 
heating which could result in cope spalling, also in 
drag surfaces from the initial spreading out of the liq- 
uid metal which could result in buckling; (b) Tem- 
perature losses in flowing through gating systems, and 
the possibility of solid skin envelope formation in 
sprues and runners; (c) Rates of heating of cores com- 
pletely surrounded by metal; (d) Effects of combus- 
tibles (oil, sea coal, etc.) on sand thermal gradients 
and heat extraction rates, etc. 

It is obvious that the problem of future planning is 
concerned not so much with the limitations of the 
Electrical Analogue as with the choice of the most im- 
portant of the many investigations which could be 
made. It is requested therefore that A.F.S. members 
express their interest in the various possible types of 
investigations (not necessarily included in the above) 
by informing the Heat Transfer Committee of their 
considered opinion as to the information which is most 
urgently required. The consensus should serve as a 
guide in planning future programs. 


Appendix 


Method of calculating freezing times of simple 
shapes based on Volume to Surface Area relationships. 


(A) V/SA relationships for various shapes (D = 
diameter or thickness). 


Shape Vv Ss 


V/SA 


Sphere ™D*/6 7D? D/6 
Long Cylinder rD?L/4 DL D/4 
Large Plate DLW 2LW_ D/2 
Cube Ds 6D? D/6 


Long Bar Ds 4D? _ D/4 
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(B) Direct Calculation method (Chvorinov); con- 
stant applies only to steel castings. 
(V/SA)? 
(2.09)? 
Example: F.T. of 4-in. Plate 
(V/SA)? _ (D/2)?_ (4/2)?_ 
(2.09)? (2.09)? (2.09)? 4. 3 
Example: F.T. of 6-in. Sphere 
(D/6)?_ 1 

F-T.= (309)? 4.38 
Example: F.T. of 6 x 6-in. Bar 


7 (D/4)?_ (6/4)? , 

F.T.=5-99)2> 4.38 X 60 = 30.8 min. 
It was determined as the result of NRL thermal anal- 
ysis investigations that Chvorinov’s constant (2.09) 
of formula B while apparently correct for plates, 
spheres and cylinders should be modified to (1.92) 
for bars. Recalculation of the above example using the 
1.92 constant yields exact check with the observed 
solidification times of bars. 


(D, 4)? _ (6 /4)2 


(1.92)2 3.7 — 


For purposes of this appendix the modified Chvorinov 
formula will be termed formula D. 


Freezing time (min) = xX 60 


F.T.= <60=55 min. 


<60=14 min. 


F.T.= X60 = 36.5 min. 





(C) Relative calculation method (Chvorinov) . If 
the F.T. of one shape is known, the F.T. of other 
shapes may be determined as follows: 

F.T. of Shape A_ (V/SA)? of A 
F.T. of Shape B- (V/SA)? of B 

Example: F.T. of 4-in. steel Plate is known to be 

55; use to calculate F.T. of 6-in. steel Sphere. 
F.T. Sphere _ (D/6)? _ (6/6)? _ 1 





55 ~ (D/2)2 (4/2)? 4 
F.T. Sphere mu, = = 14 min. 


Example: Calculate F.T. of 7 x 7-in. steel Bar from 


F.T. of 4-in. Plate. 





F.T. Bar _ (D/4)? _(7 ‘4)2 _ 3.05 
55 (D/2)? (4/2)? 4 
F.T. Ba p= FO?) 0°) 42 min. 


This formula may be used to calculate F.T. of any 
metal if the F.T. of one simple shape is known. For 
example the F.T. of 7 x 7-in. bronze Bar cast in sand 
is 75 min.; calculate F.T. of 2-in. bronze Plate. 


F.T. Plate _(D/2)?_ (2/2)?_ 1 





75. (D/4)? (7/4)? 3.05 
_ (1) (75) 42 
F.T. Plate =- 305 72 min. 


Example for case of chill. Figure 13 shows F.T. of 
4-in. Plate cast with chill walls is 9 min.; calculate F.T. 
of 2-in. Plate cast with chill walls. 


F.T. Plate (D/2)? _ (2/2)? _ 1 


9 ~ (D/2)2 (4/2)? 4 
sf 
F.T. Plate =) 


The tables in this Appendix present Analogue and 
thermal analysis data for the solidification times of 





=2.3 min. 
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various shapes (all steel) and the results of calcula- 
tions. The accuracy of the calculation methods may 
be evaluated from these comparison data. 
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Actual Calculated Calculated 
Pouring Super- Freezing F.T. R.F.T. 
Data Steel Temp. heat Casting Time, Min. Formula B Formula C 
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Actual Freezing Time—as determined by thermal analysis of green sand castings (No. 80 AFS Sand). 


Formulae B and C as described in text (Chvorinov's). 
Formula D as described in text (Pellini-Bishop). 








ase ft =: & -~_— 2 oo & 


~ 


ae = «= 


7¢ fb 88a 





W. S. PELLINI 


29. R. P. Dunphy, W. S. Pellini, “Solidification of Nodular 
[ron in Sand Molds,” A.F.S. Trans., vol. 60 (1952). 

30. E. T. Myskowski, H. F. Bishop, W. S. Pellini, “Application 
of Chills to Increasing the Feeding Range of Risers,” A.F.S. 
Trans., vol. 60, (1952). 

31. H. F. Bishop, F. A. Brandt, W. S. Pellini, “Solidification 
Mechanism of Steel Ingots,” Journal of Metals (A.I.M.E.), Jan. 
i952, pp.44-54. 

32. H. F. Bishop, W. S. Pellini, “Solidification of Metals,” 
Foundry, Feb. 1952. 


DISCUSSION 

Chairman: C. E. Sims, Battelle Memorial Institute, Colum- 
bus, Ohio. 

Co-Chairman: J. B. Carne, Foundry Consultant, Cincinnati. 

Recorder: J. B. CAINE. 

Co-CHAIRMAN CAINE: There seems to be one point that needs 
clarification for the man in the shop. He is confused by the 
values given in the paper showing a plate freezing slower than 
a sphere of equal thickness. 

Mr. PeLuint: Foundrymen think of plates as rangy castings 
of high ratio of surface area to volume, certainly much higher 
than that of a sphere. This is true for a plate of limited dimen- 
sions (width and length less than approximately 6 times the 
thickness), however, this is not true for a plate of greater dimen- 
sions for now the “ends” are eliminated from thermal consid- 
eration and the central portion of the plate freezes by heat loss 
through only two surfaces. Thus a given volume of metal at a 
central position in such a long plate is effectively of lesser sur- 
face area than an equivalent sphere of diameter equal to the 
thickness of the plate. This of course results in slower solidifi- 
cation rates for a wide or as is termed in Heat Transfer “semi- 
infinite” plate. This fact may be visualized in a somewhat 
different fashion, as follows: 

(1) Consider a wide plate and at the center visualize a cube- 
like volume of dimensions equal to the plate thickness. This 
cube has only two faces of heat extraction, i.e., the drag and 
cope surfaces of the plate. 

(2) Consider a long bar of a thickness equal to the above 
plate and visualize again the same cube shape at a central re- 
gion of the bar. This cube is of the same dimensions as the 
previous one (same volume) but now we have four faces of 
heat extraction. 

(3) Consider a cube of the same dimensions as above but cast 
as such. This cube has six faces of heat extraction. 

It is obvious that the exact same cube volume in each of 
these three cases (located in a plate, bar and cast “as such”) 
solidifies by heat transfer to sand of 2A, 4A and 6A areas re- 
spectively. Hence, the solidification time of the cube of (3) 
should be the most rapid, that of (2) intermediate and that of 
(1) the slowest. In simple terms, long plates solidify more 
slowly than long bars and these in turn more slowly than 
cubes (or spheres) of equivalent thickness. This is not a 
question of different volumes but actually of different surface 
areas for the same volume. 

M. H. Horton:! We have found that the freezing time of 
iron castings varies greatly when poured in green, or dry sand. 
For example, cylindrical castings with 114-in. sections can be 
shaken out 14 hr sooner without bleeding when poured in un- 
dried green sand than when poured in dry sand. 

Mr. Pevuini: All direct experimental evidence for steel 
checked by the electrical analogue method indicates that water 
in the sand has only a momentary effect on the freezing rate. 
Water may affect the rate of initial skin formation in irons and 
prevent bleeding, but the effect on actual transfer of heat 14 hr 
after pouring should be negligible. 

MemBeER: I would like to have a discussion on zircon sand. 

Mr. PELuini: This is a complex problem of comparison. 
Coarse-grained silica sands have a much greater conductivity 
than fine-grained sands, however, the specific heat capacity 
varies directly with density. This means that during the initial 
period of heating up of the sand (particularly at internal cor- 
ners, etc.) the specific heat difference is the important factor 
which results in faster heat removal by a fine-grained, dense 
sand. After the sand has saturated with heat, heat transfer is 
entirely a question of conductivity and now the lower density, 
coarse sand will be more efficient. This is a round about way of 
answering the question but it leads to the conclusion that fine- 
grained zircon sands are more effective than coarse-grained 
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silica sands due to the higher specific heat of the zircon sand. 
Hence, one should expect zircon sands to be very effective heat 
removers at corner positions or other isolated regions where the 
effectiveness depends on ability to “soak up” heat rather than 
to pass it on. 

E. C. Troy:? Data from Battelle, published by the Commit 
tee showed that conductivities increased with density up to the 
point where increased number of grains interfaces started a 
reversal of the trend to decreasing conductivity, even thcugh 
density was still increasing. 

Mr. PeLuini: Using a sand of a broad grain size distribution 
increases density and decreases conductivity. At the mold inter 
face temperatures encountered with steel almost all heat is 
transferred by radiation across the void spaces. Therefore the 
coarser and more uniform the particles, the more opportunity 
for radiation and the higher the rate of heat transfer. Again 
this applies only to the case of sand in a state of heat saturation. 

Mr. Horion: In the malleable foundry we find the finer, 
more dense sands to be the best in that they develop more rapid 
skin formation. 

Mr. Peviini: That is true. Increased density, due to either 
greater compaction, or weight of a material like zircon sand, 
increases rate of heat extraction, but this increase is soon lost 
as the interface sand saturates with heat and reverts to being 
merely a conductor (no longer able to absorb heat). 

V. Pascukis: * The effect of conduction and specific heat must 
be separated. Conductivity is dependent on shape and size of 
the pore spaces in the sand and there is very little difference 
between silica and zirconium silicate in this respect. Specific 
heat is dependent mainly on density and weight. Zirconium 
silicate is superior to sand because it is about twice as heavy 
Specific heat is important early in the time cycle of casting, 
conductivity is important late in the time cycle. 

B. C. YEARLEY:* Although he should not be, the foundryman 
is still confused about riser shape. The riser should remain 
liquid as long as possible and therefore should have the lowest 
surface area-volume ratio. This is a sphere. 

Mr. Pevuint: A short cylinder, top insulated, also satisfies this 
requirement and is more practical from a molding standpoint. 

CHAIRMAN Sims: The confusion here has to do with volumes 
and dimensions. 

Mr. Troy: There are a few exceptions to the use of spheres, 
or short cylinders as risers. There are some casting shapes that 
are best fed by rectangular risers. 

CHAIRMAN Sims: Sometimes the foundry uses a layer of sand 
between the chill and casting. Have we any information re 
garding heat transfer under these conditions? 

Mr. Pecuini: A little, but not enough. Heat flow is increased 
with insufficient sand between the casting and flask, so that the 
flask itself is heated. This increase in heat flow is sufficient to 
increase solidification rates. The rate of heat transfer through 
hot sand is 2 to 3 times that through sand at room temperature 
and buried chills should be effecive making use of this added 
conductivity of the sand. This advances the possibility of con- 
trolled chill action by means of buried chills. 

Mr, YEARLEY: We use chills in the malleable foundry. Many 
times a chill in direct contact with the casting causes hot tears 
and cracks. If separated from the casting by a thin layer of 
sand, it still controls solidification without causing ruptures, 

R. A. Cecu:® What data have we regarding the size of chills 
to be used? 

Mr. PeLiini: Not enough to go on record. If the chill size is 
increased slightly from “insufficient,” that is to when the chill 
is just saturated with heat when the casting is solid, there is an 
increase in solidification rate of about 10 per cent. This in- 
crease tapers off to only a further 2 or 3 per cent increase in 
solidification rate as the chill size is further increased to the 
extent of doubling or tripling the chill thickness. 

Mr. Cecu: It would be of interest to mention some of the 
immediate benefits we have accrued as a result of past investi- 
gations by the Heat Transfer Committee. We at the National 
Malleable and Steel Castings Co. have arrived at a simplified 
mcthod for feeding steel castings by applying the data and 
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results obtained from previous experiments by the Naval Re- 
search Laboratory. By this method we have successfully pro- 
duced castings heretofore fed by trial and error methods. Tur- 
bine castings weighing up to 7,500 Ib finished weight have thus 
been cast. Granted that most of the investigations are part of 
long-range programs, there are nevertheless many practical 
benefits that may be obtained along the way from careful 
scrutiny of current results. We congratulate those responsible 
and look forward to any future investigations. 

D. L. Watson: ® Can the electrical analogue method be used 
to study graphite formation in gray iron? 

Mr. Pascukis: This problem would be too much for the 
analogue. There are too many variables that are not dependent 
on heat transfer. 

L. F. Porter: * Need any special factors be considered in the 
study of heat transfer of thin castings and in the first fractions 


PRACTICAL HEAT TRANSFER 


of an inch of the sand? 

Mr. Pevwini: The electrical analogue method is especia'ly 
valuable in the study of heat flow under these conditions, for 
thermocouple data are questionable close to the sand-met.l 
interface. 

Mr. Pascukis: The changes are gradual in the analogiie 
method down to dimensions of 14 to 14 in. Some changes and 
allowances must be made if dimensions in the order of 1/10 in. 
become significant. 

J. T. MacKenzie: * There is some English work in the record 
showing that thin castings cooled slower in air when shaken out 
immediately after pouring than when cooled in the mold. 


® Metallurgist, Holmes Foundry Co., Ltd., Sarnia, Ont., Canada. 
8 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 
7 Instructor, University of Wisconsin, Madison, Wis. 
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PRACTICAL FOUNDRY APPLICATIONS OF 
PRINCIPLES OF RATIO GATING 


By 


L. L. Lucas* 


ABSTRACT 


This article describes experiments and actual applications of 
ratio gating used on several hundred thousand castings of 
aluminum-base alloy cooking utensils produced by Wagner 
Manufacturing Co., Sidney, Ohio. This gating procedure was 
reported by the Battelle Memorial Institute, Columbus, Ohio, 
in research for the Light Metals Division of A.F.S. 


All of the castings produced in our plant are cast 
in sand, a blend of two naturally bonded types. The 
composition is controlled to insure proper strength 
and permeability, with a moisture content of approxi- 
mately 4.5 per cent. All molding is done in tight, steel 
flasks with an average size of approximately 13 x 19 
in., using a 5-in. cope and a 214-in. drag. 

The alloy produced, an aluminum-base type, con- 
tains approximately 4.5 per cent magnesium and 2 per 
cent silicon, with enough titanium added to insure a 
very fine grain structure. It is melted in 600-lb, gas- 
fired furnaces, with rigid control of such items as 
cleanliness of melting pots, temperature of metal, pre- 
heating of chill bars, loading of furnaces in such a 
manner that all ingots and returns are preheated be- 
fore reaching the molten bath, cleaning of metal after 
becoming molten, and avoiding turbulence of metal 
as much as possible in transfer from the furnace to 
the mold. 

All castings are finished with a clear, high-luster pol- 
ish. Cross-section thickness varies from 14 to 4 inch. 
To achieve this excellent finish, it is imperative that 
castings be relatively free of dross inclusions, large 
gashole porosity, hydrogen or pinhole porosity, and 
shrink porosity. If castings are not of this optimum 
quality, rejects and rework will result. 

By following carefully the foundry practices de- 
scribed, it is believed that the metal produced is as 
free of dross and gas as possible. In our experience, 
these practices are as essential as any gating or mold- 
ing technique. 

At present, 27 different patterns on which ratio gat- 
ing has been used are in production. Castings from 
these patterns vary in weight from | to 8 lb, and vary 


* Wagner Mfg. Co., Sidney, Ohio. 
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Fig. 1—Cope view of early gating system for 10-in. dia- 
meter kettle. Runner is in cope, sprue tapered. 


in surface area from 87 to 438 sq in. Through experi- 
ments on various patterns, it was found advantageous 
not only to vary the ratio between the cross-sectional 
area of the runner and total area of the gates, but also 
to employ more than one sprue, depending upon the 
size of the casting. Furthermore, it was beneficial to 
employ a sprue with a very small area at the base. 
In our practice, the sprue diameter is 14 in. at the 
bottom and tapers to | in. at the top. On all castings, 
the gate is very thin—1, in. 

Two particular castings have been selected for de- 
tailed discussion in this paper. Photographs have been 
prepared to record the history of gating used. 


Development of Gating Practice 


The dimensions of the first kettle casting studied 
were: diameter, 10 in.; depth, 5 in.; side walls, approxi- 
mately 14 in. thick; bottom section, approximately 
3/16 in. thick. All castings are designed with a back 
draft extending to within | inch of the bottom of the 
casting. The bottom inch of the casting, which is the 
open end of the kettle, is in the drag, and the remain- 
der of the casting in the cope. This arrangement causes 
the metal to fill the drag section first, then rise 4 in. 
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to fill the side walls, and finally flow across the top of 
the casting to form the bottom of the kettle. 

The gating system is illustrated in Fig. 1; runner 
and gates are in the cope. The gating system consists 
of two round tapered sprues with double-runner sys- 
tems from each sprue and a total of 12 finger gates. 
The dimensions of this particular gating system are: 
area at the base of the sprue, 7/16 sq in. tapering to 
an area of 114 sq in. at the top; cross-sectional area of 
each runner, 9/16 sq in. (34 x 34 in.). This produced a 
gating ratio of 1:2.6:1.3; cross-sectional area of each 
gate, 3/16 sq in. (3/16 x | in.). 

This practice resulted in many rejects and rework 
because of large gasholes and surface inclusions. Al- 
though the practice had been used for several years, 
it is now apparent!:** that imperfect castings were a 
result of the manner in which the metal entered the 
mold. 

The first beneficial change from this practice was 
effected when the shape of the sprue was changed from 
a round to a rectangle measuring 1% x 114 in. at the 
bottom and tapered to 34 x 11% in. at the top. A 1-in. 
deep sump was incorporated directly under the sprue. 
The depth of the runner was increased from 34 in. to 
1 in. and it was placed in the drag. The runner com- 
pletely surrounded the casting and the finger gates 
were connected to form a 3/16-in. thick slit gate, as 
illustrated in Fig. 2. This produced a gating ratio of 
1:1.3:6.2. This method of gating eliminated much of 
the trouble from misruns, and, at the same time per- 
mitted the pouring temperature to be lowered con- 
siderably. 


Turbulence Trouble 


With these changes improvements were noted, but 
the human element in the actual pouring of the metal 
into the molds was still present. Carelessness at any 
time on the part of the pour-off team would result in 
losses, which were thought to be caused by the large 
size of the sprue and the large area of the gate. The 
increased size of the gating system made it possible, 
through mishandling of the metal, to create turbulence 
at the base of the sprue and in the metal as it entered 
the mold cavity. 

At about this time, the results of the A.F.S.-spon- 
sored investigation at Battelle Memorial Institute on 
gating techniques were published.'»* After viewing the 
motion-picture film, on 1:4:4 ratio gating,?»* this type 
of gating practice was applied to a pattern as shown 
in Fig. 3a and 3b. The use of a rectangular sprue was 
continued. The runner was reduced in cross-sectional 
area as each gate was passed. The gate was also re- 
stricted to a large degree at the base of the sprue to 
minimize turbulence in the runner. Finger gates were 
used with all approaches well rounded to avoid any 
radical change in flow pattern. A round sump, about 
11% in. in diameter and deeper than the runner itself, 
was incorporated directly below the base of the sprue 
as is evident in Fig. 3b. A loose roll or ball of steel 
wool, which acted as a partial strainer, was employed 
in the sump. 

This particular gating technique proved to be a 
great improvement over any practice adopted thus far. 
However, difficulty at two locations in the casting 
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Fig. 2—Drag view of kettle shows first improvement in 
gating. Runner is in drag, slit gate in cope, large, rec- 
tangular, tapered sprue is employed. 























Fig. 3a arid 3b—Cope view (3a) of second improvement, 
shows finger gates in cope, runner in drag. Runner was 
decreased at sprue base and as each gate was passed. 


caused tie majority of reworks. A fairly large per- 
centage of castings contained dross inclusions at the 
first finger gate from the sprue. Also large gas porosity 
had been forced to the top of the casting directly oppo- 
site the sprue. A small percentage of misruns still 
occurred. 

A study of scrap and of the design of the gating sys- 
tem led to the conclusion that additional changes must 
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Fig. 4a and 4b—Present standard gating for 10-in. kettle. 
Two '/2-in. diameter, tapered sprues are used, runners are 
in drag, Yg-in. slit gates in cope. 


be made to guard against the mishandling of metal on 
the part of some pour-off teams. The solution to this, 
it was believed, was to attempt to slow down and quiet 
the flow of metal before it entered the runner, but still 
maintain enough pressure to run the casting. 
Experiments were started on using as small a sprue 
as possible with correctly proportioned runner and 
gates which would not result in an excessive number of 
misruns. As a result of these experiments, the diameter 
at the base of the sprue was made 1 in. and the sprue 
tapered to a diameter of | in. at the top, as illustrated 
in Fig. 4a and 4b. It was interesting to note that the 
older, experienced foundrymen were difficult to sell on 
the idea that the percentage of misruns would not in- 
crease as a result of running the casting through so 
small an opening. Actually, it was possible to decrease 
the pouring temperature by 100 F and at the same time 
reduce the number of misruns to a negligible value. 
Experience proved that it was practically impossible 
to pour metal into this sprue without choking it. This 
choking of the sprue eliminated some turbulence and 
exerted automatic control over the pouring rate. 
With the sprue design shown in Fig. 4a and 4b, it 
was believed that turbulence of metal entering the 
runner would be at a minimum at all times. It was re- 
alized, however, that the pouring of metal directly into 
the sprue is considered bad practice, and will create 
some oxides and gas which may pass into the runner 
system and into the casting. With this in mind, the 
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Fig. 5—Long kettle (123/ in.) formerly had this gating 
system with runner in drag along with Y4-in. slit gate. Two 
large, rectangular, tapered sprues were employed. 


runner was extended about 2 in. beyond the far edge 
of the slit gate. Because this runner is in the drag, it 
must be filled before any metal can reach the casting. 
It was assumed that the first metal poured into the 
sprue would be the more seriously contaminated, and 
this contaminated metal would remain in the exten- 
sion of the runner. Again, experience indicated that 
this runner extension served its purpose, even though 
some oxide inclusions apparently still entered the cast- 
ing. These inclusions did not constitute a serious prob- 
lem because they were small and not numerous. 

To obtain the 1:4:4 gating ratio on this particular 
casting, it was apparent that it was impractical to use 
finger gates. Because of the limited space, the finger 
gates would, of necessity, have been 4, in. thick or 
thicker, thus obviating any skimming action. Since we 
believed there should be a skimming action of the 
metal while passing through the gate, the finger gates 
were eliminated and the desired cross-sectional area 
was obtained by using a slit gate 14 in. thick. This thin 
gate, it was believed, not only caught more oxide parti- 
cles, but also had a tendency to minimize further any 
turbulence that may still be in the runner at the time 
the metal starts to rise in the casting. 


Use Ratio Gating Throughout Shop 


This type of ratio gating has been applied to all of 
our patterns, in all instances employing the 14-in. 
diameter tapered sprue and the 14-in. thick slit gate. 
The gating ratio has been increased or decreased ac- 
cording to the surface area of the casting, using ratios 
as low as 1:3:3 for the small castings and as high as 
1:7:7 for the larger castings. The number of sprues 
was increased from 2 to 4 on two of the larger patterns, 
but, in these instances, the ratio was reduced to not 
less than 1:4:4. 

A second type of casting will be described briefly 
because the principles illustrated in Fig. 4a and 4b 
apply. In the past, the second type casting, shown in 
Fig. 5, had a greater scrap loss record than the round 
kettle described earlier. The larger kettle measured 
934 in. in width, 1234 in. in length, and 45% in. in 
height. 

Note in Fig. 5 that the casting was completely sur- 
rounded by a heavy runner which was in the drag. 
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This fed a slit gate 14 in. thick, located in the cope. 
The runner was fed by two large, rectangular, tapered 
sprues with a round sump directly below each sprue. 
The dimensions at the bottom of the sprues were 1 in. 
x 14% in. A small roll of steel wool was used as a 
strainer in the sumps. In this instance, a ratio of about 
1:1.8:3.9 was obtained. This method of gating proved 
to be far superior to our previous methods of gating, 
which had incorporated the runner and finger gates 
in the cope and was fed by round, tapered sprues. 

The present gating ratio of 1:7:7 is illustrated in 
Fig. 6. The sprue was tapered and had a diameter of 
lf in. at the bottom, and the slit gate was 14 in. thick. 
The sump directly below the sprue was eliminated. In 
this case, with a shallow drag section, the mold hard- 
ness was too high at the location of the sump. When 
permissible, incorporation of a sump as illustrated in 
Fig. 5, is believed to be beneficial. 

Because the sump was eliminated, the steel wool 
screen was also eliminated. Steel wool screens were, 
no doubt, helpful, but if they can be avoided, costs 
can be reduced and iron pickup can be obviated. 

Fig. 7 shows a cross section of the old type gating 
system employing the rectangular sprue. Fig. 8 shows 
a cross section of the present gating system and a 
round, tapered sprue. Note the difference between 
cross-sectional areas of these two sprues. 


Improvement in Yield 

Rejects and rework on castings, after finishing from 
the pattern for the round kettle with the gating system 
shown in Fig. 1, were approximately 50 per cent. After 
finishing from the same pattern gated as in Fig. 2, re- 
jects and rework on castings were reduced to approxi- 
mately 25 per cent. 

Rejects and rework on castings, after finishing from 
the same pattern with the present standard gating 
practice as illustrated in Fig. 4a and 4b, are approxi- 
mately 8 per cent. An increase in yield of 10 per cent 
was achieved over that obtained when using the gating 
system shown in Fig. 2. 

Rejects and rework on castings, after finishing from 
the pattern for the elongated kettle with the gating 
system shown in Fig. 5, ranged from 35 to 40 per cent. 
Rejects and rework on castings, after finishing from 
the same pattern with the present standard gating sys- 
tem illustrated in Fig. 6, are approximately 9 per cent. 
This represented an increase in yield of 12 per cent. 
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It was not possible to maintain this high increase in 
yield on all patterns. It was possible to achieve an 
over-all average increase in yield of 5 per cent on all 
castings by employing these improved gating tech- 
niques. 

These figures on decreased percentage of losses do 
not paint a complete picture of the improvemenis 
made possible by these gating techniques. The num- 
ber of castings that are returned for salvage work be- 
cause of gas holes is now about 75 per cent less than 
with the earlier gating methods. Seldom more than 
one gas hole is found in any casting; even then, the 
gas hole is usually very small and readily repaired. The 
appearance of the castings has improved greatly as a 
direct result of the absence of scattered dross on the 
finished surfaces. 


Summary of Present Practice 


In reducing the area at the bottom of the sprue, 
which was proved to be necessary in our process, the 
possibility of misruns was increased. To minimize mis- 
runs, all castings are poured with not less than two 
sprues which have separate runner systems. This prac- 
tice eliminates possible trouble from misruns and pro- 





Fig. 6—New gating for long kettle. Dimensions and loca- 
tions of sprues, runners, and gates are as in Fig. 4. 





Fig. 7—Vertical section shows early gating system for 
10-in kettle. Compare sprue size and casting. 


Fig. 8—Improved gating system for 10-in. kettle is shown 
in section. Note difference (from Fig. 7) in sprue. 








L.. LL. Lecas 


vides a more uniform flow of metal up to and over the 
flat top of the casting. 

These experiments and their results apply exclu- 
sively to the casting of kettles. No claims are made 
that the practices or gating techniques described are 
perfect. They were developed on a trial-and-error basis, 
and undoubtedly, would have to be changed somewhat 
when adapted to other types of castings. It is the 
opinion of the author that ratio gating is a sound 
method to start re-gating of a casting. Once the correct 
proportions are reached, there should be a noticeable 
decrease in rejects. 
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DISCUSSION 


Chairman: T. D. Stay, Reynolds Metals Co., Cleveland. 

Co-Chairman; P. J. Perro, Jr., Arrow Aluminum Castings 
Co., Cleveland. 

Recorder: P. J. Petro, JR. 

Member: If the runner were extended 1% in. into the cope, 
would the oxide collect in the runner in the cope? 

Mr. Lucas: Yes, it definitely would be beneficial to have 
the runner extend into the cope, if you were not concerned 
about casting yield. 

Memser: Did you pour any of your test castings two up? 

Mr. Lucas: Yes, we did and it proved advantageous. The 
mold could be filled more quickly thereby making it possible 
to lower the pouring temperature. This is beneficial in re- 
ducing gas absorption and oxide formation during melting 
and pouring. 

D. L. LAVELLE:* Was the test sprue 14 in. in diam at the 
base or was it 14 in. in cross-sectional area? Would a rectangu- 
lar sprue have been better than a round sprue? 

Mr. Lucas: The sprue used in our tests was 4 in. in diam- 
eter at the base. We found that there was no advantage in a 
rectangular sprue over a round sprue. In fact, we found that 
with a round sprue a much cleaner casting could be obtained. 

Co-CHAIRMAN Petro: What type of melting procedure did 
you follow for the metal used in these tests? 

Mr. Lucas: The metal used was melted in a 600-lb gas-fired 
melting furnace and fluxed with a commercial dry flux com- 
posed of zinc fluoride and zinc chloride. 

CHAIRMAN Stay: The practical application of research work 
sponsored by the American Foundrymen’s Society and carried 
out at Battelle Memorial Institute has been ably presented by 
Mr. Lucas. As he pointed out it is difficult to “sell” old and 
experienced foundrymen on the small down sprue, but seeing 
is believing. His foundry saw the A.F.S. motion picture films 
which resulted from this research project and they were 
“sold”. Mr. Lucas and his company are to be congratulated 
for the fine job they have done. 


1 Research Metallurgist, American Smelting & Refining Co., Barber, N.J. 








MULTIPLE MOLDING IN A MALLEABLE SHOP 


By 


Joseph G. Kropka* 





Molder setting the cores in a section of a stack mold. 





ABSTRACT 


Due to demands for increased production and shortage of 
skilled foundry labor, multiple stack molding was adopted in 
the author's plant because of its basic economic factors. The 
need of continuity of operations for full realization of all pos 
sible economies is stressed in this paper. Methods of sand 
handling, molding, pouring, and shakeout operations are pre- 
sented. Tests and equipment used are described in detail. 
Need for standardizing flasks, machines, and molding procedure 
to meet specifications and production requirements and recom 
mend constant checking to insure quality of products are 
stressed. 


The principle of stack molding is not new. The 
piston ring industry has used this method of molding 
rings for years to maintain production at a high level 
and at a very low cost per casting. 

The author confines the description to “multiple” 
molding methods. This type of stack molding was 
adopted in our foundry after a series of experiments 
and studies proved, conclusively, that certain econo- 
mies could be realized that were impossible to obtain 
under other methods. 

In multiple molding pattern impressions are made 
in both sides of the mold, which results in one side 


* Superintendent, Malleable Div., Chain Belt Co., Milwaukee. 








Pressure plates used in stack molding. Drag impressions are made by plate on left, cope plate is at right. 
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Near right is flask in jig for checking 
alignment of bushings. Case-hardened 
bushings minimize wear and insure 
precision. Straightening equipment is 
available for putting flasks back into 
shape if necessary. 


Molding machine set up for produc- 
tion of stack mold sections. Patterns 
on squeeze head will make cavity for 
drag. Cope patterns are on lower plate. 


of the flask being used as the drag and the other as the 
cope when placed in a stack. The successful use of 
this method of molding is dependent on a number of 
factors such as accuracy of pattern alignment, rigidity 
and alignment of molding machines, proper gating 
and sprueing, mold hardness, pouring methods, and 
the proper permeability and temper of the sand used. 

While it is difficult to present in this paper all the 
detailed problems and precautions necessary to have a 
successful production operation, we will try to cover 
all the basic equipment and methods that we are 
employing. 


Selecting Molding Machines 


The selection of the right type of molding machine 
to be used in multiple molding is of great importance 
in the making of good castings. The diameter of the 
squeeze cylinder must be large enough to give good 
mold hardness and the jolt solid enough to keep the 
number of jolts at a minimum. Proper squeezing and 
packing is necessary for an accurately formed pattern 
impression. 

To maintain proper pattern alignment the table of 
the machine has to be equipped with hardened steel 
plate guides. The drag pattern is mounted on the 
platen or top plate of the machine. Upon squeezing, 
hardened ground guides assure the proper entrance of 
the drag pattern mounted upon the platen of the ma- 
chine into the sand and assures a very close tolerance 
so proper alignment during the squeeze and draw is 
maintained. The stripping of the flask and sand from 
the pattern is done by means of four stripping pins 
contacting the flask flange. Adjustable pins accommo- 
date the change in flask sizes. 

Basically, any machine that is manufactured to 
proper tolerances and provides the necessary hardened 
wearing parts to prevent “wobble” can be used but 
care must be used in the selection of a machine so that 
the type requiring the least number of manual mo- 
tions is chosen. 

The problem of making pattern equipment for 
multiple molding is no different than making cope 
and drag plates. Aluminum pressure plates are used 
in our multiple molding. In planning of multiple 
molding equipment, the pattern shop’s principal con- 
cern is to see that the pattern is dimensionally accurate 
and sound. Close attention has to be given to gating, 














Cope (upper) and drag (lower) plates showing back- 
feeders and bleeders. Notches (upper) are for lift pins. 





Strike-off plate and bar. Thickness and shape of plate, 
determined by experiment, provide extra sand for drag. 
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parting, and draft to insure that a full supply of molten 
metal will properly reach all parts of the mold cavity. 

The first step in making pattern equipment consists 
in making master plates for the table and platen of the 
molding machines. The table plates are made of cast 
iron and have dimensions of 28 x 18 x 214 in. These 
plates have to be machined so that the surfaces of each 
plate are parallel to each other. The platen plates are 
made of steel and are 27 x 17 x 114 in. Here again the 
surfaces must be parallel to each other. 


Pattern Equipment Must be Accurate 


After the cope and drag patterns have been checked 
for dimensional tolerances the patterns are machined 
and rechecked so that when they’re placed on the mas- 
ter plates they are parallel and in perfect alignment. 
This is done by means of jigs and fixtures to insure 
absolute accuracy. By means of socket head machine 
screws the plates are now mounted to the table and 
platen of the molding machine. The mounting is done 
so that the pattern plates are interchangeable. 

The changing of pattern plates from one machine 
to another is only a matter of minutes, providing the 
proper care has been exercised in designing a master 
plate that will accommodate all pattern plates. To 
make this successful, it is necessary to adopt a universal 
size that will accommodate all pattern plates, and to 
do a certain flask size must be selected as standard. 

A two-piece sprue cutter is fixed permanently on the 
pattern. The male part is mounted on the cope pat- 
tern. The female part is mounted on the drag. The 
operation is similar to that of a piston and cylinder 
action. Accuracy in placing the sprue cutter is re- 
quired as the common sprue for a stack must be of 
such nature as to prevent washing or splashing. 

In multiple molding selecting the proper type of 
flask and size is very important. We use two sizes of 
flasks on our system—13 x 19 x 3 in., and 14 x 20 x 4 
in.—and design all pattern equipment to suit so we do 
not have to change flasks every time we change pat- 
terns. These flasks are constructed of special rolled 
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Dry-sand pouring cup keeps meta: 
clean and controls metal flow to help 
give constant ferrostatic head. 


Stop-off core, shown being placed in 
bottom mold section, plugs sprue hole 
which is automatically produced in 
each section by mating sprue cutters 
mounted on cope and drag plates. 


steel channel having a solid center reinforcing rib and 
full width bearing sand retaining flanges. The copper 
content is sufficient to make the channel rust resistant. 
Bushings are made of steel and cyanide hardened 
against wear. A round bushing is installed in the 
lower pin lug at one end of the flask section while an 
elongated bushing is installed in the lower pin lug at 
other end of each section. The elongated bushing is 
lined up exactly parallel with the pin center line due 
to the use of a flat pin on the lower machine platen. 
Pins extending 17% in. above parting are used on the 
3-in. deep sections, while pins on the 4-in. sections ex- 
tend 23% in. above parting. Pins are made from stand- 
ard cold rolled stock steel and are not hardened. 
Round pins are installed in both of the upper pin lugs 
of each section and are fastened into the pin lugs by 
a drive fit. To prevent shifts and yet to give the molder 
enough play to allow closing the sections without bind- 
ing a clearance of 0.0065 to 0.007 in. is maintained. 
Since metal generates steam and gas when brought 
into contact with mold and core walls, we vent our 
flasks with 44 holes, %e-in. in diameter in each section. 
To keep the quality of castings uniform and the 
foundry loss at a minimum the accuracy of the flasks 
has to be checked constantly. Jigs and flask straighten- 
ing equipment insure good flask equipment. Constant 
vigilance must be maintained so that this part of the 
operation is not neglected with the resultant loss in 
production and increased scrap ratio. 


Making the Mold 


In making a mold, the flask is placed on the pattern 
mounted on the table of the machine. The strike-off 
plate is placed over the flask. The strike-off has holes 
drilled to fit the pins of the flask to hold it in place. 
The size and contour of the strike-off and its thick- 
ness are determined by experiment and will vary from 
job to job. Due to variation in parting lines and high 
and low spots created by various casting designs the 
amount of sand has to vary to give a good pattern 
impression and proper mold hardness and density in 
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Stacks are poured from 300-lb covered ladles suspended from tramrails. Same tramrail is used for shakeout. 


the drag or top part of the flask. This is accomplished 
by means of strike-offs. 

The sand is placed in the flask and strike-off frame 
from an overhead hopper. One or two jolts are used 
to ram the cope. The excess sand is struck off and the 
strike-off frame is removed from the flask. The thick- 
ness of the strike-off is very important as it determines 
the amount of sand above the flask line. The head of 
the machine is now brought forward. Both hands of 
the molder are now occupied, one holding the squeeze 
valve, the other the vibrator valve. The table now 
moves upward to squeeze the drag. If the right amount 
of sand has been left by the strike-off frame the pattern 
impression of the drag will be true to pattern dimen- 
sions and will provide a sand to sand contact when 
stacking, preventing fins and runouts. We now have 
the cope and drag impression made in one flask with 
the cope cavity on one side and the drag on the other. 


Complete Mold Section 

As the table of the machine is lowered after the 
squeeze, the flask mold rests on the flask strip pins. As 
the machine head goes back, the mold operation is 
complete with the exception of the core setting. The 
complete mold is now placed on an asbestos bottom 
board. A stop-off core is placed in the sprue hole of 
the bottom mold to prevent the iron going through 
the bottom board. 

When the flasks are stacked the drag side of each 
combines with the cope side of the adjoining flask to 
form a complete mold. This continues until the stack 
is complete. We stack 7 and 9 high. This gives 6 and 
8 good molds since the impression in the upper face 
of the top mold and the impression in the lower face 
of the bottom mold are not mated with another cope 
and drag and therefore are not usable. 

A common sprue through the stack supplies iron to 
each mold runners and casting cavities. To insure 
uniform flow of hot metal, a dry sand pouring cup is 
employed. The cup is designed so that a constant head 
is maintained during pouring and a uniform flow of 


metal into each mold is insured, with slag or dirt col- 
lecting in the pouring cup. 

Pouring is done by means of overhead cranes with 
300-lb ladles. Iron is brought into the pouring area 
by means of a tramrail system and transferred into the 
pouring area. The amount of iron poured into a stack 
varies from 90 to 175 lb. The time required to pour a 
stack varies from 20 to 30 seconds. In our type of work 
the cooling time varies anywhere from 5 minutes to 25 
minutes, and this fact must be considered in coordinat- 
ing the different operations. 

After pouring and cooling the molds are ready for 
shakeout. The same cranes used for pouring are now 
utilized in shakeout. A special frame is used for hold- 
ing the flasks while transferring the complete stack of 





sprue and gates 45 Ib. 
lb, sprue weight 46 Ib. 


Castings at left weigh 49 Ib, 
Casting weight at right is 59 
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molds to the snaxeout. One shakeout for every three 
molders was found to be necessary. After the castings 
are removed from the flasks, the crane hoists the frame 
and the flasks and places them on the return rolls for 
return to the molder. The castings fall into a tote box 
and are hauled away by an electric truck to an area for 
sprueing at any convenient time. 

The use of tote boxes rather than a casting conveyor 
for handling the castings was dictated by the need of 
grouping the different types of castings that are almost 
identical. Also, the use of alloy irons makes sorting 
too difficult and expensive if they are allowed to be- 
come mixed in handling to the cleaning room. 

To make molding, pouring, shakeout, and flask re- 
turn as efficient as possible many methods of mecha- 
nization were explored and studied. For molding and 
flask handling, we found roller conveyors to be most 
practical, since we have intermittent pouring, and 





require storage for stacks between heats. Gravity roll- 
ers offered the necessary flexibility and in addition 
allowed enough storage time to take care of the varia- 
tions in cooling time. 

Each molder is supplied with two gravity lines for 
molds, each 42 feet long, and one return line for emp- 
ties. The two lines provide holding space for 50 stacks. 
The average production per man is from 40 to 70 
stacks per day, depending on the number of cores in 
a mold. 

To provide the necessary sand to insure a constant 
rate of production and to take advantage of all possible 
cost reduction, we installed a sand handling and con- 
ditioning system. This insures that uniform sand is 
delivered when and where desired with a constant 
check on moisture, permeability, and green strength. 

While properly conditioned sand is a “must” in any 
molding operation, it is doubly important in stack 
molding. This type of molding requires a sand having 
good flowability for molding while retaining the 


MULTIPLE MOLDING IN A MALLEABLE SHOP 


proper green strength to prevent washing in the sprue 
due to the long primary drop of the hot metal when 
filling the lower molds in the stack. Proper cooling is 
also a “must” as the ratio of sand to castings is very 
small with the resultant excessive heating of sand. ‘lo 
accomplish the above, we selected the muller method 
as best suited to meet our needs. 

It is also very important that a sufficient volume of 
sand is provided to take care of the fluctuations in the 
amount of sand in use during the “setting out” period 
between heats. The volume of sand should be large 
enough so that the “use cycle” does not exceed two 
times per day to prevent rapid deterioration of the 
sand and also to allow sufficient time in storage for the 
sand to equalize in temperature to insure closer control 
during conditioning. 

It then became necessary to design a sand handling 
system to meet all these basic conditions. The sand 


Nine-man stack molding unit in opera- 
tion. Sand conditioning unit and op- 
erator are at far left. Each molder is 
served by three roll conveyors, two 
for stacks, one for flask return. Sand 
system is “closed” with unused sand 
coming to end of belt at right being 
returned for redistribution. Grates in 
floor under each molding machine 
eliminate shovelling from floor, per- 
mit spilled sand to return to system 
for subsequent use. 


falling through the shakeout is carried by a steel pan 
conveyor to a magnetic belt conveyor where all the 
tramp iron is removed. The sand is then elevated by 
means of a bucket conveyor to a hexagonal revolving 
screen which breaks up sand lumps and removes for- 
eign non-ferrous material. We reclaim about 95 per 
cent of our core sand and in this way keep the volume 
of sand constant, the core sand additions making up 
for the gangway losses. To maintain the grain size in 
the backing sand, we use the same basic grain size in 
our cores as we do in our molding sand. 

The screened sand falls into a 100-ton bin where it 
is held about 3 hours giving it a good chance to equal- 
ize in temperature. This bin is equipped with ther- 
mometers at the discharge openings so that the muller 
operator knows at all times what temperature he has 
to cope with. The sand is fed to the muller in regu- 
lated batches where it is cooled and the necessary 
binders, water, and sea coal are added. Amounts are 
determined by the laboratory sand technician. 
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The sand is discharged from the muller onto a belt 
feeder and then elevated by bucket elevator to an 
aerator set above the distributing belt where it is given 
the necessary fluffing and aerating. This breaks up any 
packing or caking so that a light flowable sand is dis- 
tributed to the molders. The sand is distributed by 
means of a belt conveyor, with counterweighted V-type 
plows at each molder’s station plowing the sand into 
the hoppers. The system is a closed circuit type so that 
any surplus not utilized by the molders is returned by 
means of an overflow belt to the shakeout conveyor. 


Make a Better Place to Work 

The hoppers have a capacity of 314 tons each so that 
the molding operation will not be interrupted should 
there be any delay in the conditioning operation. The 
sand is fed into the fiasks by means of manually oper- 
ated gates rather than power operated as we feit that 
the amount of sand could be regulated to a closer de- 
gree. We have also installed a spill sand belt below 
the molding machines to remove all strike-ott and spill 
sand so the molders do not have to shovel this sand. 
Eliminating this operation increases molding produc- 
tion approximately 10 per cent. 

Concentrating the pouring operations in a relatively 
small area creates a smoke and gas condition which 
must be remedied. Centralized shakeout also creates 
concentrated gas and dust areas. Betterment of work- 
ing conditions require the elimination of this smoke 
and gas. In addition we have a dust problem, fume 
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Control board for sand conditioning system insures effi- 
cient, close control of molding sand properties. 


removal, and cooling of sand, all of which require 
the use of air. 

It is possible to collect the air from these different 
operations and vent to the outside except that in our 
case we are located in a densely populated area where 
this is impossible. So we installed a dust collector unit. 
Either a wet or dry collector can be used but ample 
capacity must be provided. 








CONSTRUCTION AND OPERATION 
OF COAL FIRED AIR FURNACES 


By 


Cecil F. Semrau* 


® The author’s plant operates three periodic, pulver- 
ized coal-fired air furnaces. Two are used for jobbing 
production and one for fitting production. All fur- 
naces were originally of solid bottom construction. 
The fitting furnace is still so constructed although we 
have added improvements like water-cooled plates 
around the skim door opening and have replaced solid 
type tie rods with water-cooled tie rods. This latter 
change has definitely overcome the problem of spread- 
ing and distortion of furnace structure. The construc- 
tion and arrangement of the fitting furnace is shown 
in Fig. 1, which also illustrates the water-cooled tie 
rod feature in detail. 


* Formerly metallurgist, Illinois Malleable Iron Co., Chi- 
cago, now, Hill & Griffith Co., Chicago. 


Several years ago we adopted the practice of using 
brick bottoms in all furnaces. This proved advan- 
tageous in many ways. To improve bottom practice 
we rebuilt the two furnaces used for jobbing produc- 
tion to incorporate air cooling of bottoms. The con- 
struction of these furnaces is illustrated in Fig. 2. 
Notice that this construction provided for the use of 
brick sub-bottoms. 

To further enhance the air-cooled feature, the space 
below the bottom plate of these furnaces was enclosed 
on each side to permit the drawing of cold air from 
front to back to a vent pipe at the stack end of the 
furnace. The extent of this induced air cooling has 
not been determined quantitatively since we had not 
measured the volume of air that flows under the bot- 
tom. The exhaust air temperature averages 120 F. We 
plan to pursue this matter of air cooling further. 





“A 6-in flame out of pourback ... is about right.” 
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Figure 1 





























Each furnace is equipped to be operated in con- 
junction with a Wickes waste heat 400 hp boiler with 
3625 sq ft of heating area. Boiler, boiler entry arrange- 
ment, and stack by-pass enclosure are illustrated in 
Fig. 2. Thus we have furnaces on two distinct types 
of operation, but as every operator well knows even 
the two jobbing furnaces do not operate alike and 
present their own idiosyncrasies. 


Good Brick Required 


The author found that good brick masonry is an 
essential prerequisite to satisfactory refractory per- 
formance and refractory life. Certain practices and 
procedures have been adopted and we adhere to these 
rigorously. In describing furnaces and refractories in 
greater detail we will discuss each enclosure element 
individually. 


We use Missouri 105-1314-in. bungs layed in double 
row frames as indicated in Fig. 3. The frames are of 
our own design and cast from gray iron in our own 
shops. The clamps are similarly cast in our shops. 

Joints are broken every third course with a full 
bung brick and half bungs. We tried using 634-in. or 
half-size bung brick, but found it more economical 
to obtain half brick by breaking the regular bung 
brick in two. This may make for a rough break but 
we can avoid thickness variations that it is impossible 
to avoid with two different brick. All bungs are layed 
with fire clay slurry to cushion the brick and eliminate 
any dimensional non-uniformity. 

Frames, clamps and bolts must be kept in good re- 
pair. Burned or distorted clamps must be replaced 
promptly. Frames must be tightened uniformly to hold 
brick securely. At the end of each frame we use stiff 











Figure 2 
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mud No. 2 arches as a bearing surface for the clamps. 

Sidewall brick must be layed up with care, partic- 
ularly below the metal line and around tapouts. Care- 
less masonry is the cause of most run outs. Original 
installations are always “layed to line” to assure 
straight walls and level support. Savings in labor, fur- 
nace repairs and maintenance, amply justify this 
added care. 

Careful and tight masonry, however, make even 
more essential the provision for adequate expansion 
joints to compensate for the reversible thermal expan- 
sion of the refractories. Failure to provide for such 
stresses results in furnace distortion, burner misalign- 
ment, and extra maintenance. Suitable expansion 
joints are provided at sidewall juncture with both 
burner wall and bridge wall. 


Proper Openings Reduce Repairs 


Furnace openings frequently are the focus of exces- 
sive erosion. Openings designed to proper size, care- 
fully constructed, and protected during melt down 
can materially reduce sidewall repairs. All jambs 
should be carefully layed using large 9-in. series for 
breaking joints. Soaps and series smaller than a reg- 
ular 9-in. brick should be avoided. Arches over open- 
ings are subjected to much abuse. We have found 
sprung arches better suited than square edge lintle tile. 
Installation of arches must be done with the proper 
arch shapes to give correctly aligned radial joints. 
Skewbacks must be layed with standard shapes to 
provide a skew face that gives the arch rigid support. 

We reduce flame erosion at furnace openings by 
sealing all openings flush with the inside surface of 
the sidewalls during melt down. This protects jambs 
and arches not only against erosion but the excessive 
thermal differentials that induce spalling. 

The burner wall burner port openings must be layed 
up to dimension not only to provide for structural 
stability but to provide for proper functioning of 
burners and directional flow of the flame. 


The importance of brick masonry as it affects opera- 
tion and refractory life was never so forcibly demon- 
strated as when we started using brick bottoms. In 
most instances reduced bottom life can be attributed 
directly to faulty or careless masonry. 

Many methods of installation are used. Since our 
furnaces are tapped from two tap holes on each side 
we found that convex bottoms were best suited. The 
details of construction are illustrated in Fig. 4. In the 
fitting furnace, the brick of the service bottom are 
layed on sand. In the jobbing furnaces, bottoms con- 
sist of a shallow sand fill to support a sub-bottom of 
two rowlock courses of fire brick. This is covered with 
a 114-in. cushion of sand on which the 9-in. service 
bottom is installed. 

These two constructions definitely indicate the de- 
sirability of the brick sub-bottom. Where a sub-bottom 
is not used, constant care must be exercised to assure 
support. Crude silica sand will pack better and tends 
to flow away less than washed sand. Each installation 
must be layed to line and carefully supervised to assure 
that the bottom has proper contour. The brick sub- 
bottom, however, is layed to the contour required. 
The proper contour thus established makes it much 
easier to replace the 9-in. service bottom with repro- 
ducible contour and even less supervision. The 11,-in. 
of cushion sand makes it easy to remove and replace 
the service bottom as well as affording additional pro- 
tection for the sub-bottom. 


Rise Is 1 ¥2-in. 


The spring or rise at the groin section between tap- 
outs is 114-in. The remainder of the bottom was for- 
merly layed to a similar contour but we have found 
that it is even simpler to lay bottoms that are flat 
between sidewalls. The slope in each direction from 
tapouts is approximately 3 in. 

Originally we layed bottoms so that the bottom 
equidistant between front and back tap blocks was 
114 in. higher than the drain courses at the tapouts. 
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This assured positive drainage. It was observed, how- 
ever, that this high spot was such that some metal re- 
mained in the back tapout area after the front taps 
had drained. This resulted in greater slag attack on 
the front end of the bottom. To minimize this, we now 
construct the high section closer to the back taps. The 
furnace drains more uniformly and slag is lessened. 
Our furnace construction is further illustrated by Fig. 
5 and 6. 


Special Design Tap-out Used 


We use a tap-out of special design (Fig. 4) which is 
suited to our operations. We feel that the cylindrical 
section or hole being longer than that of the standard 
tap-out will withstand more abuse. The bell at each 
end makes for greater accessibility. We use holes of 
different size depending upon the size heat, and use 
both steel bars and cores for plugging. The steel bar 
is used more often, particularly when the hole erodes. 

So far, stress has been on refractory constructions 
and masonry as a means of keeping refractory con- 
sumption in line. Of equal or greater importance is 
the operation of a furnace. The best refractories in- 
stalled with the greatest care can be destroyed by care- 
less operational practices. Careful operation pays many 
rewards. Carefully worked out and controlled opera- 
tion make it easier on the men, assures better metal- 
lurgical control and reduces labor and material costs. 

Carefully and orderly charging pay dividends. It 
assures easy melt down without crowding the burners. 
It prevents excessive oxidation and minimizes attack 
and slag erosion of refractories—both sidewalls and 
bungs. 

At Illinois Malleable the average charge runs: 40 
per cent pig iron, 50 per cent sprue and hard iron 
scrap, 2 per cent steel scrap, and 8 per cent malleable 
scrap. One of the most important controls we have in 
bringing about an easy and uniform melt down is to 
control the method and order of charging. 

The order of charging employed is indicated in 
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Fig. 7. We first spread the uncleaned hard iron sprue 
uniformly from front to back starting some 5 ft from 
the burner wall and extending back toward the bridge 
wall carrying no nearer the bridge than the size of the 
heat requires. We attempt to crown this portion of the 
charge to avoid contact with the side wall. 

Then come the hard iron chunks or over iron and 
the malleable scrap placed as indicated at the front 
end and back end, respectively, still crowning to keep 
these portions from piling against the side walls. This 
placement appears logical in view of the relative resist- 
ance to melting of these two materials. The charging 
procedure up to this point leaves a sizeable space be- 
tween charge and side walls which we now fill with 
the clean hard iron scrap. This is followed by the steel 
charged near the front of the furnace where it is sub- 
jected to the direct action of the flame. Malleable scrap 
is charged toward rear of furnace and the entire charge 
covered with pig iron. 


Why Charge That Way? 


Following is the reasoning that led us to adopt this 
charging procedure. The pig iron, hard iron and mal- 
leable scrap melt faster than the sand covered sprue 
and the flow of molten metal is naturally directed to the 
back of the furnace to position for easy skimming. The 
steel and hard iron chunks being in position to be 
subjected to direct action of the flame are in the most 
favorable position for rapid melting. During the week 
when the furnace is hot the hard iron chunks can be 
charged before the sprue, and melted with no more 
difficulty. 

The loose clean hard iron scrap filled against the 
side wall protects the side walls from excessive erosion 
yet provides the desired openness to the charge that 
prevents complete short circuiting between the top of 
charge and bungs before melt down. Likewise, the 
hard iron fillet melts in sequence with the steel and 
hard iron and pig iron to permit metal and slag flow 
along the side wall back to skimming position. 








Figure 4 
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Excessive crowning of a charge should always be 
avoided to protect side walls, yet the charge against 
side wall should be such that the melting mass will 
not be dammed up and confined to the front end of 
the furnace. Neglect of this important consideration 
will invariably result in excessive side wall erosion. 


Detrimental Method of Melting 


We have found that the most detrimental method 
of melting is to permit faster melting materials (pig 
iron, malleable scrap, and clean returns) to be charged 
near the burner end of the furnace. This results in 
these materials being dammed by semi-molten mate- 
rials resulting in super-heating, excessive oxidation, 
and severe erosion of side walls before adequate skim- 
ming can be effected. Correct charging and melting 
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guided inflexibly py any ume scnedule of operation. 
Coal prepared in a central pulverized system to 
furnish fuel for power house, annealing and melting 
requirements creates problems. The fact that higher 
carbon iron is melted in one of the three furnaces 
further complicates fuel preparation. These varying 
requirements create problems not experienced by the 
unit pulverizer operator. We must, therefore, adopt a 
compromise of control in our fuel preparation. 


Combustion Control 


We control fineness to give the proper combustion 
rate in our air furnaces. With the coal being used, 
approximately 94 per cent through 100 mesh and 84 
per cent through 200 mesh is the best compromise. 

Coarse coal allows the carbon to go up. This we try 
to control by steel additions to the 
initial charge or added to the heat 
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during superheating. This is diff- 
cult for it is hard to dilute the 
carbon as fast as it is deposited 
and absorbed. 


Fine coal on the other hand is 
equally troublesome since it not 
only oxidizes the metal, but the 
oxide slag resulting excessively 
erodes side walls. Operators are 
also aware that highly oxidized 
heats, regardless of final analysis 
by furnace additions, lose their 
life. Such heats are difficult to 
pour satisfactorily and often cause 
a higher percentage of misruns. 


enece Scene 
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Control of preparation depends 





Figure 5 





upon the type and source of coal 
used. We have standardized on a 
West Virginia coal of the following 
average analysis (dry basis): 








avoids this but any tendency toward this condition 
should be corrected early in the heat by breaking up 
the semi-molten restraining portion with a steel bar. 


A charge should never be so crowned as to unduly 
restrict flame travel. It is much more sensible to raise 
the side walls when necessary to avoid such restriction. 


Proper Agitation an Important Factor 


One of the most important factors in rapid and efh- 
cient melt down is the provision for proper agitation. 
We induce agitation by the use of green tamarack 
boughs. On a new brick bottom, the metal circulates 
readily. Circulation is induced by the flame travel and 
the pushing which we do with bars. As the bottom 
becomes eroded the circulation is somewhat retarded 
and the extra agitation required is easily accomplished 
with the green boughs. 

As the charge melts down slag must be removed as 
quickly and as frequently as possible. This permits 
more rapid heat transfer from flame and radiation to 
metal. Attempting to melt or superheat slag-covered 
metal excessively erodes side walls. Operators should 
be instructed to remove slag as formed and not be 


Ash 3.75 per cent 
Volatile a * 
Fixed Carbon 59 ~ ow 
Sulphur =a” * 
BTU 14,750 


This coal is somewhat denser and does not pulverize 
as freely as the lower volatile coals generally used. 

One essential in successfully using this type of fuel is 
to carefully control the moisture. We have found that 
moisture should be under 0.5 per cent to assure most 
satisfactory handling through the screws and uniform 
flow through burners. Damp coal retards combustion 
rate and slows up melting of the charge directly in 
front of the burners. This often results in irregular 
burn out patterns—more severe erosion in the rear end 
of furnace walls. 

The most successful flame in our practice is one 
which gives adequate turbulence to effect complete 
mixing of fuel and air. This requires careful control 
of flame velocity (as well as proper charging) to pro- 
duce the desired turbulence and mixing. Excessive 
flame velocities cause more rapid erosion of side walls 
and bungs. Flame velocity also affects the rate of heat 
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transfer and radiation to metal 
during a heat run. 

The twin burners in each fur- 
nace are identical. Details of each 
burner are illustrated in Fig. 8. It 
is most essential that burners be 
properly aligned to assure smooth 
melt down and minimize refrac- 
tory erosion. We have adopted a 
very simple practice for determin- 
ing flame travel. We attach two 
10-ft streamers of 1-in. gauze band- 
age centered inside the burner 
castings in such a way that the 
loose ends will be caught in the 
blast and blown forward in the 
furnace. This indicates the path of 
air fuel travel. We adjust our dual 
burners so that the two ends of the 
gauze meet about 8 feet ahead of 
































Figure 6 








the burners and adjust so that they 

meet at the exact center of the fur- 

nace. Air flow can be adjusted by the two dampers in 
each burner. 

Sufficient checking indicates that this practice on an 
empty furnace is indicative of proper flame alignment 
when charging is carried out according to the specifi- 
cations already described. 

No discussion of charging and firing is complete 
without emphasis on draft control. Rigid control of 
back pressure is, in our opinion, the most useful factor 
in melting. Perhaps the most important factor in con- 
trolling draft is the provision for proper opening over 
the rear bridge wall. Adjustment of stack draft is neces- 
sary but in itself is inadequate without the proper 
bridge wall opening. 

Our practice is based on observation of the nature 
of the flame over the bridge wall and the back pressure 
as indicated by the flame out of furnace openings. We 
find that a 6-in. flame out of the pour back opening is 
about riglit in our practice. 


Metallurgical Control 


With the careful construction and operational prac- 
tices described, we find little trouble in melting to 
satisfactory analysis, and obtaining iron of good flow- 
ability that will yield good sound castings that are 
easily annealed. 

Our operational practice makes melt down easy and 
well scheduled. Our control is accomplished by test 
ladle observations, close observation of test sprues, and 
preliminary analysis. Test ladle observations are made 
at frequent intervals from melt down to tapping time. 
Three sprues are taken; one at melt down, one when 
preliminary sample is poured (one hour before tap 
time), and the third about 15 to 20 minutes before 
tap time. 

Correlating these three methods of metallurgical 
control gives a good idea of the nature of the heat we 


are pouring. We feel that careful control of operation 
facilities assures close metallurgical control without 
the use of excessive furnace additions and adjust- 
ments as well as assuring against undue refractory fail- 
ures. Failure to follow carefully planned operational 
control results in variable heats, excessive adjustment 
and excessive pouring temperatures, to say nothing of 
the increased labor and refractory costs. 


The author wishes to express his thanks to G. B. 
Stantial, works manager, as well as the Illinois Malle- 
able Iron Co. for permission to prepare this paper. 


DISCUSSION 


Chairman: W. R. JAEscHKE, The Whiting Corp., Harvey, Ill. 

Co-Chairman: R. P. Scuauss, Werner G. Smith, Inc., Chicago. 

Recorder: R. W. Wirscuey, A. P. Green Fire Brick Co., Chi- 
cago. 

J. W. Wyrick:? How often do you replace or repair sub- 
bottoms? 

Mr. SemRAU: We have not. replaced one in ten years. 

Mr. Wyrick: Have you tried a concave bottom? 

Mr. SEMRAU: No, we have not. 

Mr. Wyrick: Do you use a sand fillet at the burner wall and 
bridge wall? 

Mr. SEMRAU: Yes, we did. 

Mr. Wyrick: Why is the broken construction used in laying 
up your bungs rather than using three rows of 9-in. bungs? 

Mr. SemrAu: We have never used the construction you men- 
tion because our frames tend to crack down the center, so we 
cannot give a comparison. 

Georce IpLeR:* How do you construct the bottoms at the 
tap-out area? 

Mr, SeMRAU: We lay a convex contour which drains toward 
the tap-outs on each side. The convex bottom is easier to in- 
stall when tapping from each side of the furnace. 

Mr. IpLER: Does the flame hit the crown of the bottom? 

Mr. SEMRAU: Yes, it does. 

Mr. Ipter: Is that not a disadvantage? 

Mr. Semrau: Yes, but our method of moving the high spot 
back as we have described, corrects it. 

1 Terre Haute Malleable & Mfg. Co., Terre Haute, Ind. 

2 International Harvester Co., Chicago. 








CARBON AS A REFRACTORY 


By 


T. J. Wilde, M. R. Hatfield, and V. J. Nolan* 


In some cases carbon and graphite are the only ma- 
terials which have been successful in meeting the 
severe and exacting requirements involved in hand- 
ling hot metals and corrosive slags. This is due in 
large part to the facts that: 

1) They are not wet by most molten metals; thus 
metals do not stick to carbon and graphite. 

2) They maintain their mechanical strength well 
past the temperatures attained in handling molten 
metals. 

3) They do not suffer deformation at these temp- 
eratures, 

4) Their resistance to thermal shock obviates spall- 
ing and the consequent inclusions. 

5) Their negligible thermal expansion assures uni- 
formity of casting dimensions. 

6) Their low coefficient of friction reduces erosive 
wear. 

7) Their weight facilitates handling. 

The use made of these materials in the metallurgi- 
cal field is exemplified by the following partial list 
of typical applications. 

Linings for blast furnaces and cupolas 
Iron and cinder notches for blast furnaces 
Runout trough linings 

Ladle linings 

Ingot mold plugs, stool inserts and stools 
Ingot and over-metal molds 

Molds for static and centrifugal castings 
Parts for powdered metallurgy pressure molds 
Sintering boats 

Gassifying tubes 

Dies 

Runout boards and tables 

Core rods 

Heat treating boxes 

Brazing trays 


Blast Furnace Linings 


Based upon the background of European practice 
and American alloy furnace experience, carbon lin- 
ings for blast furnaces have followed a rapid evolu- 
tionary pattern from tamped carbon paste crucibles 
to standard brick sizes of shaped carbon, and finally 


*National Carbon Co., Div. of Union Carbide & Carbon Corp., 
New York. 
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to block forms as large as 24 by 30 by 180 in. long and 
weighing up to 7,000 lb apiece. 

Many other applications of carbon forms to blast 
furnace practice have been made in the past 3 years. 
These include skimmer plates, cinder notch linings, 
iron notches, runout trough linings and linings for 
tuyere cooler openings. 


Molds, Plugs and Stool Inserts 


A number of applications have been developed for 
molds, moid plugs and stool inserts of carbon and 
graphite. The molds are mainly of graphite and are 
used principally for the hot press formation of ce- 
mented carbides and for the sintering of diamond 
chips and powdered metal into drill bits and wheels. 
Molds for cemented carbides are made in sizes up to 
16 in. O.D.; molds for diamond tools up to 12 in. 
O.D. 

Stool inserts and other mold shapes have been de- 
veloped for aluminum, magnesium, copper, brass and 
high-to-low carbon steels. 

Carbon mold plugs offer advantages because they 
do not stick or spall and therefore eliminate ceramic 
inclusions. Extensive tests have demonstrated no 
proven evidence of carbon pick-up from the plugs. 
Their useful life varies from one to 50 pours depend- 
ing upon plant practice and the size of the ingot. 


Cupola Applications 


Some uses of carbon as a refractory have been 
mentioned in order to give some idea of the broad 
application of this material. 

Carbon, in several forms, has been applied success- 
fully in the cupola well, and in the runout trough 
or skimmer. 

Carbon ramming mix, which is an all-carbon but 
in a semi-plastic form after heating, was the first 
carbon material used as a lining material in the well 
of the cupola. A 6 in. thick lining of carbon ramming 
mix was formed inside of the ceramic lining and 
extended from the pan to the tuyeres. The carbon 
ramming mix was then applied to the trough outside 
the tap hole by building up a 3-in, thickness inside 
the refractory lining. The absence of slag attack on 
the carbon has made it possible for carbon to remain 
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Fig. 1—Carbon ramming mix 
and carbon brick applications 
to cupola front-slagging spout. 
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in the cupola for long periods of time, with small 
repairs during shut-down periods. 

Figure 1 shows one of the early applications of 
carbon ramming mix and carbon bricks. 

One carbon lined trough was lined in July with 
21% in. of basic brick against each well of the trough 
shell, then 214 in. of carbon brick, then about 414 
to 5 in. of carbon ramming paste. 

A large carbon block was installed for the dam. 
The carbon block was covered with about 1 to 114 
in. of carbon paste. This remained until October, 
during which period the paste was allowed to wear 
away, and the carbon block was exposed to the metal 
and the slag up to the time it was rebuilt in De- 
cember. The trough was relined using magnesite 
backing, carbon brick and 414 in. of carbon ramming 
paste, but the original carbon dam block was used 
with the new lining. This was in operation for 4 
months, and except for a shutdown the trough was 
used on alternate days and on a 5-day week contin- 
uously. 

The carbon block was still intact and to the proper 
dimensions on the under surface which covers the 
iron passage. The face exposed to the molten metal 
and slag has worn back about 34-in. The composite 
lining of the trough side walls will probably last 
6 months, as reported previously with the former lin- 
ing, and perhaps longer. 

The working face of the carbon paste side walls will 
oxidize or wear away in spots and must be touched up 
every two or three heats. This touching up usually 
requires about a quart of patching materials. Before 
patching the surface is brushed off and painted with 
a light tar, then a patching mix is made of about 
half carbonaceous and half ramming mix. These are 
heated and mixed together and applied to the surface, 
which is already primed with tar. No other precau- 








tions are required except to paint the inner surface 
of the trough with a periclase slurry to protect the 
lining from the oxidizing effect of the heating torch. 

In order to use carbon ramming mix properly ar- 
rangements should be made for a small box or tray 
sufficiently large to hold several hundred pounds of 
carbon ramming mix. The box or tray should be 
heated by steam coil or other forms of heating ele- 
ments in order to prepare mix for use. The tempera- 
ture required to heat the mix should not exceed 170 
F. After heating the mix can be handled in small pails 
or other containers and applied with a ramming gun 
or tamper. 

The variety of standard carbon brick shapes makes 
it possible to fabricate carbon linings from large car- 
bon blocks. The large carbon blocks referred to are, 
roughly, 24 x 30 x 180 in. long; 15 x 30 x 110 in. long, 
and many other sizes. 

Fabricated carbon linings are being used similar to 
those shown in Fig. 2. Carbon brick may be used 
against the steel shell to represent approximately one- 
third of the well lining thickness and then the large 
fabricated block lining can be made for the remain- 
ing two-thirds of the lining thickness. The large block 
inner lining is made to extend from the pan up under 
the tuyeres, with the minimum number of vertical 
joints in completing the circle. 

Bricks or blocks of pre-baked carbon constitute a 
fairly easy lining to design and install. It has the ad- 
ditional advantage of being easy to repair with car- 
bon ramming mix when repairs are necessary. Car- 
bon ramming mix will adhere to the fabricated car- 
bon lining as a patching material. When large vol- 
umes of carbon ramming mix are necessary as patches, 
the inside block or brick can easily be replaced. 

These carbon materials have had wide use in metal- 
lurgical applications for many years and, properly 
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Fig. 2—Diagrammatic sketch of carbon brick cupola 
lining. 
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handled and applied in the cupola, are proving to 
be a superior refractory. 


DISCUSSION 

Chairman: W. R. JAEscHKE, The Whiting Corp., Harvey, II. 

Co-Chairman: R. P. ScHauss, Werner G. Smith, Inc., Chicago. 

Recorder: R. A. Wirscuey, A. P. Green Fire Brick Co., 
Chicago. 

W. R. Krarr:' You have mentioned a lining that lasted 13 
days when banked. Is banking necessary to prevent oxidation? 

Mr. Wixve: Banking reduces oxidation and reduces labor 
costs. Carbon apparently is not attacked during operation since 
it is neutral and resists acid and basic slags equally. We refer to 
a very complete article by Provias (R. Provias, “Carbon: A New 
Cupola Refractory”, Canadian Metals, Nov. 1952). Where a 
cupola lined with carbon is not banked, adding a small charge 
of coke before the bottom is dropped and spraying with water 
to bring below a red heat definitely assists in protecting the car- 
bon. 

CHAIRMAN JAESCHKE: You spoke of cooling and quenching. 
Can you tell us about the possibilities of using water-cooled 
jackets in the melting zone to protect the carbon against oxida- 
tion. 

Mr. WILDE: Yes it does help. We can refer to our blast furn- 
ace experience to bear this out. In actual practice, we find 
that there is a small build up of a protective coating on the 
inside or service face of the carbon refractory. 








CARBON AS A REFRACTORY 


CHAIRMAN JAESCHKE: Banking an acid-lined cupola over night 
makes for difficulty in starting the next day and tapping the 
first metal because of bridged material getting down to the 
bottom of the cupola during the banked period. Will you ex- 
pand on this condition when using carbon linings? 

Mr. Noran: Metal or slag will not stick to or slag carbon 
refractories. The old answer was to protect acid refractorics, 
A thin film protects carbon. It is also covered with charge and 
protected with a CO atmosphere. We hope to try a carbon bot- 
tom a little later. 

We should also point out that water cooling is expensive. It 
costs $40,000 to $50,000 per year for water pumping on a blast 
furnace. We have found that water cooling is more effective 
where carbon is used although we did think that water cooling 
might be eliminated. Even though it was not, water cooling 
was found more effective with carbon than with fire clay re- 
fractories. 

H. W. Lownie, Jr.:2 Is carbon used above tuyeres in those 
installations where the bottom is not dropped? 

Mr. Notan: No complete data are available yet but we hope 
to have it soon. 

Mr. Lownie: Carbon linings on cupolas have a wonderful 
future. We should point out that there is confusion due to the 
reasons for using in conjunction with water cooling above the 
tuyeres and the reason for using carbon instead of other refrac- 
tories in the well. 

Mr. Notan: Basic refractories in the well lasted only two 
days and the reason for using carbon was to give better overall 
service. We were asked to do this work in the well section to 
increase service life, for longer runs obtainable with water- 
cooled melting zone. 

F. E. Kascu:3 We should point out that failure in the melt- 
ing zone is the determining factor in making it necessary to 
drop bottom. 

Mr. NoLan: But we were called in when the well was the 
trouble spot. 

E. C. Marnis:4 Can you tell us something about the solubil- 
ity of carbon in hypo-eutectic irons? 

Mr. Notan: Not definitely. We do not know at just what 
point carbon pickup occurs. We think at present, that 2.50 to 
2.60 may be the low level. We were faced with carbon pickup 
in graphite molds for stainless steel or other low carbon metals. 
We found that solubility did not raise carbon much and that 
there was very little pickup. Rapid chill also prevents carbon 
pickup. 

R. H. Stone:5 Is there any means of protecting carbon from 
oxidation? I am thinking of a coating for a crucible in an in- 
duction furnace. Is there any way to do this? 

Mr. No.tan: It is hard to find a material to permanently pro- 
tect carbon against oxidation. In some experiments we found 
that periclase coating did not last long. We also had a carbon- 
lined trough at this furnace and tried water cooling with a 
hose to get additional life. We also tried a fire clay slurry to 
protect the lining. 

Graphite crucibles used in induction melting are made with 
a replaceable 3-in. top ring. 

One of our associate companies has developed a coating that 
seems to be retained even with constant reheating. 

Mr. Stone: Does the coating used on ingot molds continue 
to offer promise? 

Mr. Notan: We are selling that as a standard item. We are 
using graphite for special steels. 


1 American Brake Shoe Co., Mahwah, N. J. 

2 Battelle Memorial Institute, Columbus, Ohio. 

8 Howard Foundry Co., Chicago. 

* Pickands Mather & Co., Chicago. 

5 Vesuvius Crucible Co., Swissvale, Pittsburgh, Pa. 
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FUNDAMENTALS OF HEAT TREATMENT OF GRAY CAST IRON 


By 


J. E. LaBelle* 


There are three principal heat treatments which 
can be applied to cast iron: It can be softened, hard- 
ened, or relieved of stresses. In each of these treat- 
ments there are a large number of possible ramifica- 
tions; however, the whole thing boils down to a few 
easily understood fundamentals, and our purpose is 
to make you acquainted with these fundamentals. 
But first, let us consider what cast iron really is. 

Cast iron when examined under a microscope is 
not a hodge podge of silicon, carbon, iron, phosphor- 
us, manganese, sulfur and everything else as many 
people imagine. It is primarily iron, with flakes of 
graphite and small particles of a material called iron 
carbide in it. The properties of the iron are deter- 
mined by the size, shape, quantity, and distribution of 
the graphite and the iron carbide. The other ele- 
ments in cast iron such as silicon, manganese, etc. 
are for the most part dissolved in the iron or the iron 
carbide. Their effect on the properties of the iron is 
indirect. To some extent they control the form and 
amount of iron carbide and graphite, which in turn 
influences the properties of the iron. 

Now iron carbide, or just plain carbide and graph- 
ite, are closely related in cast iron. Both of them are 
formed from the carbon in the iron. Thus, given an 
iron with a certain amount of carbon as poured, part 
of the carbon forms graphite during solidification 
and the balance ultimately separates from the iron 
to form iron carbide. 


Graphite Formation Characteristics 


In gray iron, the graphite which forms assumes its 
final size, shape, and distribution at or near the solidi- 
fication range. Thereafter it is not possible to alter 
the graphite except in quantity, short of re-melting. 
Normal carbide particles, on the other hand, do not 
usually separate from the iron until it has cooled to 
about 1350 F. It is possible, therefore, to do quite a 
bit of manipulation with the carbides by merely heat- 
ing the iron to a temperature where they will re- 
dissolve in the iron and then causing them to re- 
separate on cooling in a predetermined manner. The 


"© Chief Metallurgist, Detroit Diesel Engine Division, GMC, 
Detroit. 
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dissolving and re-separating of carbides, as well as 
other things, takes place when the iron is entirely 
solid. Sometimes it is a little difficult to grasp the 
idea of dissolving something in a solid piece just like 
sugar in a cup of coffee, but that is exactly what 
happens! 

Both graphite and carbide are formed from the 
carbon in the iron, and in this sense they are quite 
closely related. On the other hand, they are at op- 
posite ends of the pole with respect to properties. 
The greater the amount of graphite—the softer will 
be the iron, and the greater the amount of carbide. 
the harder. As a matter of fact, in dead soft iron 
practically all of the carbon is in the form of graph- 
ite; and in chilled iron most of it is in the form of 
carbide. 

There are actually two kinds of carbide particles in 
iron. The regular type are quite small and are 
formed from the carbon which remains dissolved in 
the iron after the graphite has separated in a normal 
manner. The particles separate from the iron at 
about 1350 F as previously mentioned and can be 
readily re-dissolved as we will see later. This type of 
carbide is the type present in the higher strength 
irons. 

The other type of carbide particles forms at higher 
temperatures during solidification when the graphite 
fails to separate in a normal manner, and are large 
in size. These are the typical chill or massive car- 
bides and they are not as easily re-dissolved as the 
finer normal carbide particles. 

That pretty well covers what cast iron really is. It 
is iron containing graphite, and carbide particles; 
and the carbide particles can be either normal, mass- 
ive, or both. 

What can we do with the iron by heating to tem- 
peratures less than the melting temperature? Let us 
select four temperatures and three different types of 
iron to work on: 

It is obvious from Table 1 that the following 
statements are true: 

1. It is possible to change carbide to graphite. 

2. It is possible to re-dissolve graphite in the iron. 
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TAasBLe | 
Changes at Temperatures Indicated 
Type of Iron 1100 F 1400 F 1550 F 1700 F 
1. Dead soft iron None None Graphite dissolving More graphite dissoived. 7 


(no carbides). 


in iron. 


2. Iron with normal Very Little Normal carbide breaking Graphite dissolving More graphite dissolved. 
carbides. down into graphite. in iron. All normal 
carbide gone. 
3. Iron with both normal Very Little Same as No. 2 but massive Same as No. 2 but Same as No. 2 but massiv: 


and massive carbides. 


carbides unaffected. 


massive carbides breaking carbides breaking down 
down into graphite. into graphite at a 
faster rate. 





3. It is necessary to get up to about 1700 F to 
break up chills. 

4. It is possible to soften normal iron by heating 
to 1400 F, thus changing the carbide to graphite. 

5. Iron can be heated to 1100 F without changing 
it to any appreciable degree. 

6. Normal carbide will be either dissolved or brok- 
en down into graphite which is re-dissolved at 1550 F, 
and on cooling the dissolved carbon will separate as 
either graphite or carbide, depending on how the 
cooling is done. 

Now let us consider cooling of the iron. We will 
consider only the dissolved carbon in the iron which 
is present in the ranges of about 1550 F or higher. 
Dissolved carbon just will not stay in the iron on 
cooling. Since it can only separate as carbide or 
graphite, what happens is not difficult to visualize. 


Slow Cooling Effect on Graphite Formation 


If the iron is cooled slowly enough to 1300 F, it 
passes through the range where carbide changes to 
graphite, and any dissolved carbon in the iron will 
separate as carbide and then revert to graphite. Thus, 
if the iron is first cooled slowly to 1300 F, the dis- 
solved carbon will wind up as graphite and—regard- 
less of how rapidly it is cooled thereafter—it will be 
dead soft iron. 

Now suppose it is cooled a little faster and does 
not linger as long in the range where graphite can be 
formed and a good portion of the carbide does not 
get a chance to change to graphite—the cooled iron 
will have normal carbide present. 

Now suppose we outdo ourselves on cooling and 
cool the iron as rapidly as possible, say by quench- 
ing. Before going into what happens, let me say that 
this is one of the most important points in harden- 
ing any kind of iron as well as steel, and by visualiz- 
ing this change one of the principal changes in heat 
treatment—that of hardening—can be understood. 

The dissolved carbon cannot stay dissolved in the 
iron but must separate on cooling as we previously 
mentioned. In the dissolved state, however, it is 
spread throughout the iron just like sugar in coffee. 
Now, ordinarily if the cooling is slow enough, car- 
bides will form and other atoms of dissolved carbon 
will migrate to the carbides already forming, caus- 
ing them to grow into normal size carbide particles. 
If on the other hand the cooling is extremely rapid, 
the dissolved carbon does not get a chance to migrate 
and must separate just about where it was in the 
dissolved state. Under these circumstances, carbide 
particles exist in an almost atomic state scattered 


throughout the iron. When this happens, no actual 
free iron is present at all, and an entirely new thing 
known as martensite exists. This martensite is ex- 
tremely hard and we have what is known as hardened 
cast iron. 

So there are three ways cast iron can be cooled 
from 1500 F or over: 

1. Very slowly will cause all carbon to form graph- 
ite. 

2. A little more rapidly will cause some dissolved 
carbon to form normal carbide. 

3. Very rapidly will produce martensite which is 
very hard. 

We already discussed what happens when an iron 
with no carbide and an iron with normal carbide 
are heated, but we did not discuss what happens 
when a hardened iron is heated. 

During the hardening process the material is cooled 
so rapidly that the carbide particles are very small. 
When hardened iron is reheated, however, the mi- 
gration will start and larger carbides will begin to 
form. The higher the temperature, the more will be 
the migration and combining of carbides until finally 
at a temperature of about 1200 F the carbide will not 
only be combining, but part of it starts to break 
down into graphite. 


Tempering Process 

As the temperature is increased and the carbides 
grow, the iron softens. This process is called temper- 
ing. Thus, it can be seen that it is possible to first 
harden the iron, and then by tempering produce any 
desired hardness from fully hardened to dead soft 
iron. 

As we mentioned, the whole thing is concerned 
with breaking down, dissolving, and reforming car- 
bide particles. The subject would not be complete, 
however, without mentioning the effect of alloys such 
as chromium, molybdenum, manganese, vanadium, 
nickel, etc. The effect of these alloys is to make the 
reactions more sluggish. Thus, it is more difficult to 
soften iron containing certain of these alloys. This 
also gives them greater resistance to temperature in 
applications where temperature resistance is import- 
ant. Conversely, however, the migration of dissolved 
carbon is also slower when such alloys are present, 
and as a result the irons will harden to martensite 
at a slower cooling rate than is possible without them 
and they are therefore easier to harden. 

Now let us consider stress relief. Everyone is aware 
that a casting of any complexity does not cool uni- 
formly after pouring, and as a result when room tem- 
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perature is reached there is a complex situation of 
pulling and pushing going on inside the casting which 
we call internal stress. 

The strength of cast iron starts to fall off when it 
is heated to 800 F and the higher the temperature, 
the weaker it will be. Of course, its plasticity in- 
creases at these higher temperatures so it is possible 
to stretch or bend it a little without breaking it at 
such temperatures. In stress relief if the casting is 
heated to these higher temperature ranges, portions 
which are being pushed will compress a little; and 
the weaker the iron, the more complete will be this 
compressing and stretching. This is the stress relieving 
process. 

The highest temperature which can be used will 
give the most complete stress relief, since the higher 
the temperature—the weaker and more plastic the 
iron. Below 800 F, however, very little stress relief 
takes place, and above 1100 F a breakdown of car- 
bides starts to occur. The temperature for stress re- 
lieving, therefore, should be as high as possible con- 
sistent with the final strength requirements. It fol- 
lows, of course, that if the casting is cooled rapidly 
from the stress relieving temperatures it will again 
pick up stresses. It is not necessary to cool slowly 
below 800 F, however, since the casting has its strength 
back and can on longer deform to create stresses. 


DISCUSSION 


Chairman: G. A. Timmons, Climax Molybdenum Co., Detroit. 

Co-Chairman: R. A. CLARK, Electro Metallurgical Div., Union 
Carbide & Carbon Co., Detroit. 

Recorder: 'T. GiszczaK, Central Foundry Div., GMC, De- 
fiance, Ohio. 

Q: Is the graphite pattern of an iron changed on reheating? 
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A: Graphite loses the sharp corners that are obtained on ini- 
tial solidification. There is no increase in the quantity of 
graphite. 

Q: To what temperature must an iron be heated to remove 
massive carbides? 

A: An iron must be heated to 1600 F for at least 55 min to 
remove massive carbides. However, the dendritic pattern will 
remain the same. The above assumes that approximately 2.50 
per cent silicon is present in the iron. 

Q: How soft is it practical to anneal cast iron and what 
factors effect hardness? 

A: A cast iron can be softened to a point where only ferrite 
and graphite remain. The analysis of the iron will determine 
the final brinell hardness. A brinell hardness of 95 can be 
obtained with an iron whose total carbon content is 3.50 per 
cent and whose silicon content is 2.50 per cent. The extent to 
which annealing is carried out will depend upon the properties 
that are needed in the final casting and the speed with which 
the machine shop wishes to machine the casting. 

Hardness is effected by the manganese, silicon, and chromium 
contents. To get a soft, readily annealable iron the manganese 
must be low, the silicon should be high, and the chromium 
must not exceed 0.25 per cent. 

Q: What kind of heat treatment is required to get a spotty 
iron to soften? 

A: This depends upon the microstructure of the iron. The 
castings can be heated to 1400 F and should be held at that 
temperature an hour for each inch of cross section. This will 
give the casting maximum softness providing there are no 
massive carbides present. These castings should preferably be 
furnace cooled. The above holds only for plain gray iron cast- 
ings. If the temperature exceeds 1400 F distortion may become 
a problem. 

Q: What happens to the tensile strength on heat treatment? 

A: The physical properties of an iron are usually lowered on 
heat treatment. Stress relieving cycles do not greatly change 
tensile strength while annealing cycles will reduce it as much 
as 50 per cent depending upon the temperature and time used. 
A casting with an as-cast tensile strength of 35-37,000 psi will 
be reduced to a tensile strength of 33-34,000 psi on being 
treated at 1100 F for 1 hr. In 2 hr it will drop to 30,000 psi and 
can be reduced to lower strengths by holding the casting for 
longer periods of time. At 1400 F the tensile strength of the 
above casting can be reduced to 22,000 psi in 1 hr. 








STRESS RELIEF HEAT TREATMENT OF GRAY CAST IRON 


By 


J. H. Schaum* 


ABSTRACT 


Undersirable effects of internal stresses in gray iron castings, 
the way in which they are generated, and techniques for re- 
lieving them by treatment are explained. 


The requirements of the modern engineering age 
are placing increasing demands on the materials with 
which the machinery of the era is constructed. When 
one looks at cast iron with this thought in mind, it 
becomes evident that present requirements are much 
greater with respect to warpage and breaking-load 
than were those of a few years ago. Thus it becomes 
essential that those who have a prime interest in 
either the production or the use of iron castings 
should have a thorough understanding of the in- 
fluence of internal stresses. 

In approaching the present subject of internal 
stresses in cast iron, it will be advantageous to dis- 
cuss briefly several of the mechanical properties of 
metals insofar as they are influenced by internal 
stresses. 

Consider, for example, the reaction of a common 
door spring to an externally applied tensile load. By 
applying force at the ends of the spring, it is elon- 
gated, and when this force is relieved the spring con- 
tracts to its original length, provided the stress in 
the spring remains below a certain limiting value, 
known as the elastic limit. ‘This property is known as 
elasticity and has been defined as “that property of 
a body by virtue of which it tends to recover its 
original size and shape after deformation.! If the 
tensile load applied on the ends of this spring is in- 
creased sufficiently, something happens, and when the 
load is removed the spring does not contract com- 
pletely to its original length but is now permanently 
longer. This “something” that happened is known 
as plastic deformation, and since the elongation is 
permanent it is often called “permanent set.’’ By 
definition, “Plasticity is that property of a body by 
virtue of which it tends to retain its deformation 
after reduction of the deforming stress to its yield 
stress.” Plastic deformation takes place because the 


* Metallurgist, U. S$. Department of Commerce, National Bu- 
reau of Standards, Washington, D. C. 
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applied stress on the material exceeds the “elastic 
limit.” In the case of some steels the elastic limit 
may be over 100,000 psi, while for some aluminum 
alloys it might be well under 40,000 psi. If the load 
on the door spring is sufficiently increased, its tensile 
strength will be exceeded and the spring broken. In 
the same way, if the internal stresses generated in a 
casting during cooling exceed its tensile strength, a 
cracked casting will result. 


Significance of Notch Effect 


In understanding casting stresses one must also 
appreciate the significance of the notch effect. If a 
door spring is stretched around a sharp corner, the 
spring may become permanently deformed or length- 
ened at the point where it made contact with the 
corner. This is a notch effect and results in concen- 
trating the tensile stresses at one point so that, if the 
elastic limit is exceeded, plastic deformation results. 
Notch effect also is clearly demonstrated in glass cut- 
ting where the surface is scratched along the line 
where fracture is desired. This scratch is a notch 
which concentrates applied stresses to a higher level 
than anywhere else in the glass causing it to break 
preferentially along the scratch. It is this same notch 
effect which leads to the fracture of castings at sharp 
corners or changes in cross section. 

The foregoing are gross effects which can be seen, 
but a similar notch effect on a microscopic scale is 
responsible for the permanent deformation which 
takes place in gray iron at low stress levels. Each 
graphite flake is a brittle, low strength, irregular 
shaped discontinuity in the ferrite matrix acting as a 
notch within the cast structure, thereby causing local 
stress concentrations in the matrix at the extremities 
of the flakes. If these local notch effects cause the 
stress to exceed the elastic limit of the matrix for 
cast iron, then local plastic deformation results. 
Thus, if a cast iron bar is extended by applying a 
tensile stress and the load is removed, the bar will 
contract in an elastic manner to a length that is 
slightly greater than its original length. This phe- 
nomenon takes place at all load levels with an in- 
creasing proportion of the total deformation being 
plastic as the load increases. 


53-85 





oe 


te 





J H. SCHAUM 












































y 
) 


Fig. 1—Schematic diagram to illustrate direction of in- 

ternal stresses in a casting with different sized cross sec- 

tions. “A” members in compression and “B” member in 
tension. 





Although stresses and strains have been demon- 
strated with springs large enough to see, one must 
realize that the internal strains developed in a cast- 
ing cannot be visually observed. Internal stresses are 
on an inter-atomic scale and their effect is to displace 
the atoms in the metal crystal lattice from their 
normal position and hold them there. If we supply 
enough energy in the form of heat, then these atoms 
move back into their original position, or take up 
new locations on the lattice structure; thus the in- 
ternal stresses within a casting are removed. This 
stress relieving movement may be called recovery or 
relaxation. 


Nature of Internal Stresses 

With this basic concept of elastic and plastic strain, 
it is easier to understand the nature of internal 
stresses in castings. Stresses result from non-uniform 
contraction rates within various sections of a casting 
during free cooling to room temperature. Since these 
contractive stresses often exceed the elastic limit of 
the material, localized plastic as well as elastic de- 
formation takes place, and the casting will contain 
internal stresses when it reaches room temperature. 
These contractive forces generate internal stresses be- 
cause of: 

1. Non-uniform cooling rate of the surface with 

respect to the center of any cross section. 

2. Different cooling rates between sections of the 
same casting due to different cross sections or 
locations in the mold. 

3. Resistance of the mold to the contraction of the 

casting during cooling. 

The first cause of internal stresses is inherent to 
any casting as it cools in a sand mold. Since the 
outside cools at a different rate than the inside, a 
temperature gradient exists through all cross sections. 
This temperature gradient leads to a stress gradient. 
At the transformation temperature there is an ex- 
pansion which briefly reverses the stress gradient in 
the cross section following which the usual cooling 
and contraction are resumed. In the early stages of 
cooling the outer layers of metal are cooling faster 
and their contraction imposes compressive stresses on 
the inner layers. Because of the elevated temperature, 
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the inner layers of metal are readily deformed in a 
plastic manner. At a later stage in cooling, when the 
inner layers are cooling faster than the outer and the 
entire cross section is behaving in an elastic manner, 
compressive stresses are induced in the outer layer by 
the contraction of the inner layers. When room tem- 
perature has been established throughout the casting, 
the outer layers are in compression and the inner 
layers are in tension. In general, the metal which 
cools more rapidly during the early stages of cool- 
ing retains compressive stresses; whereas the part 
which cools more rapidly in the iater stages retains 
residual tensile stresses, The non-uniform elastic and 
plastic strains resulting from contractions and ex- 
pansions lead to warping, cracking, or complete frac- 
ture of the casting before it is ever put in service. 
Although these tensile and compressive stresses may 
balance each other in the “as cast” condition, an 
operation, such as machining one side of a flat plate, 
unbalances the stress system, and the casting may 
warp in a direction to restore this balance. Usually 
this type of internal stress causes trouble only in cast- 
ings requiring good dimensional stability or close 
tolerances in machining. 

The second cause of internal stresses is much more 
common and is illustrated in an exaggerated form in 
Fig. 1. In the early stages of cooling the two smaller 
connecting ribs “A” will normally cool faster than 
the heavier section “B.” This temperature differ- 
ential may generate stresses high enough to deform 
“B” plastically. As the temperature of “B’ drops 
sufficiently to acquire a degree of elasticity, its therm- 
al contraction will impress compressive forces on the 
“A” members. In the latter stages of cooling the 
“A” members offer resistance to the contracting “B” 
member so that tensile stresses develop within it. If 
these stresses become great enough to exceed the 
elastic limit, they will deform or break the ribs. 
Even if no fracture or distortion does result, the ex- 
istence of these internal stresses will materially weak- 
en the structure if they are in the same direction as 
that in which the member is stressed in service. Mea- 
surements have been made on this shape of casting 









































Fig. 2—Schematic diagram to illustrate direction of in- 
ternal stresses in a casting due to resistance of mold to 
contraction of casting. 
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Fig. 3—Relaxation of cast iron at various temperatures.’ 


and as much as 30,000 psi tensile stress may exist in 
the heavy section with 15,000 psi compressive stress 
in each of the thin sections. Stresses of this type may 
also be developed in sections of similar size as a re- 
sult of differences in cooling rate arising from the 
influences of gating, risering, and casting design. 

The third cause of internal stresses—resistance of 
mold to contraction of the castings—is illustrated in 
Fig. 2. One can readily see that the contraction of 
the horizontal connecting member will tend to pull 
the two vertical members together. However, if the 
molding sand resists the movement of the outer mem- 
bers toward each other, tensile stresses will develop 
within the connecting member. If this stress becomes 
large enough, the casting may crack in the corners 
where the joining of the horizontal and vertical mem- 
bers constitutes a stress-raising notch-effect. 

With this background of the nature and causes of 
internal stresses in casting, one is better equipped to 
understand the techniques for relieving them. These 
stresses, once generated during cooling, are essentially 
“frozen” in the casting; and if they are sufficiently 
high they may partially dissipate themselves at a 
very slow rate at normal temperatures. Advantage is 
taken of this relaxation characteristic in the old cus- 
tom of aging or weathering gray iron castings for 
periods of three months to three years. Modern re- 
search methods have indicated that only 15 per cent 
of the internal stresses in these castings are relieved 
by this time-consuming practice. 

Since the trend of mest industrial operations has 
been toward higher rates of production, it is to be 
expected that the casting industry is vitally interested 
in developing more efficient means of stress relief. 
Stress relief can be appreciably accelerated by heat- 
ing the casting to temperatures sufficiently high to 
permit the distorted internal structure to return rap- 
idly to its normal condition. The uniform removal 
of internal stresses is best accomplished by heating 
the casting slowly and uniformly to temperatures 
below the transformation, holding for sufficient length 
of time to insure the desired stress-relief, and follow- 
ing by slow and uniform cooling in order to prevent 
recurrence of stresses. 

Since internal stresses cannot be seen in a casting, 
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it is difficult to measure the progress of stress relief 
during a heat treatment. However, this stress condi- 
tion can be simulated by means of a device known as 
a relaxation machine.? In this machine a specially 
designed specimen is strained an arbitrary amount at 
a predetermined temperature, and a continuous rec- 
ord is made of the stress required to maintain the 
strain. In this way a continuous record of the amount 
of stress relief as a function of time at the desired 
temperature is obtained. For further details on relax- 
ation testing see reference 2. 

Figure 3 illustrates the type of data obtained in 
stress relief tests using the relaxation machine. These 
curves show the effect of time and temperature on 
stress reductions in gray iron specimens of the same 
composition held at eight different temperatures. It 
is apparent from these tests that as the heat treating 
temperature increases the stress relief is more nearly 
complete and takes place more rapidly. It is also ob- 
served that the greatest portion of stress relief takes 
place during the first hour at temperature, and that 
further stress relief takes place at a slower rate with 
longer holding times. Therefore, it is usually more 
efficient to increase the temperature and thereby ob- 
tain a decrease in the time required for stress relief 
than it is to hold a casting at a lower temperature 
for an extended period of time. The results of the 
72 F and the 600 F heat treatments show the relative 
ineffectiveness of low temperature heat treatment for 
stress relief. 


Magnitude of Initial "As-Cast'’ Stress 

Figure 4 shows the effect of the magnitude of the 
initial “as-cast” stress on the relaxation period. By 
comparing the three curves it becomes evident that 
the higher the initial stress, the higher is the initial 
rate of stress relief, but the longer the time required 
to reduce it to a certain stress level. 

These characteristics of stress relief heat treat- 
ments are similar for most compositions of cast iron 
although they differ in degree. In the higher strength 
irons, such alloying elements as nickel, chromium, 
molybdenum, etc., appear to retard the recovery at 
elevated temperatures, and therefore require higher 
heat treating temperatures or longer holding times 
to reduce internal stresses to levels comparable with 
unalloyed cast iron. This influence of alloying ele- 
ments is demonstrated in Fig. 5, where relaxation 
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Fig. 4—Effect of magnitude of initial stress on stress re- 
lief at 1050 F.* 
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curves of an alloyed and unalloyed iron are com- 
pared. Referring to Fig. 5, the unalloyed iron is ap- 
parently completely stress relieved at 1050 F in 300 
min, whereas the alloyed iron contains about 5000 
psi of unrelieved stress after holding 400 min at the 
same temperature. 

Since the strength of some of the unalloyed irons is 
lowered by heating to temperatures as high as 1100 F, 
one may find it preferable to effect only 80 to 90 per 
cent stress relief in a casting by heat treating below 
1100 F for an increased time, or by decreasing the 
time at the higher temperatures. Differences of opin- 
ion exist as to the necessity of removing all the in- 
ternal stresses in castings. Whether or not all in- 
ternal stress should (or must) be removed depends 
entirely on the specific job the casting must do. If 
the casting must take a load, then the magnitude 
and direction of the internal stress, plus that of the 
service load, must remain within the specified safe 
limits. In many applications 50 per cent stress re- 
moval may eliminate all danger of service failure, 
while in other instances requiring extreme dimen- 
sional stability or heavy load carrying capacity, stress 
removal should be as nearly complete as possible. 


Heat Castings | Hr/In. of Thickness 

The custom of holding castings the minimum of | 
hr per inch of thickness after the furnace has reached 
the maximum temperature of the teat treatment is 
usually considered to be ample assurance that the 
charge will have reached a uniform temperature. 
After the casting has soaked for an adequate length 
of time at the proper temperature it should be rela- 
tively stress-free. Furthermore, in order to prevent 
generation of new stresses in the casting during re- 
turn to room temperature after stress relief heat treat- 
ment, it is essential to effect a slow and uniform cool- 
ing so as to avoid damaging temperature-gradients in 
the castings. Usually, the free cooling of the charge in 
a well-insulated heat treating furnace is sufficiently 
slow for this purpose. The castings should not be re- 
moved until their temperature reaches approximately 
300 F. 


TIME AT RELAXTION TEMPERATURE 


In the event that a foundry may desire to evaluate 
the effectiveness of its stress relief treatment, or de- 
vise a time-temperature cycle specifically applicable 
to the casting design and metal compositions being 
produced, a simple test casting can be made similar 
to the one shown in Fig. 6. This casting will con- 
tain appreciable ‘‘as cast’’ tensile stresses in the larger 
horizontal member, with corresponding compressive 
stresses in the smaller. If a saw cut is made through 
the larger member, it will relieve these stresses by 
allowing the member to spring open a measurable 
amount. The amount it opens is a measure of the 
internal stresses which were present before cutting. 
If the casting (before cutting) had been subjected to 
a stress relief heat treatment which would reduce 
this internal stress, then the casting would open less 
when cut. If no movement takes place between the 
two severed members, the casting has been nearly 
completely stress relieved. By heat treating a number 
of these test castings, the foundry can determine the 
minimum time and temperature required for essen- 
tially complete stress relief, or for any “percentage” 
relief deemed adequate for the service conditions 
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Fig. 6—Test casting for evaluating effectiveness of stress- 
relief heat treatment. 
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TABLE 1—Types oF CASTINGS SUBMITTED TO 
Stress RELIEF* 





Air Compressor Cylinders and Heads Lawn Mower Knife Bars 
Ball Bearing Housings Light Machinery Castings 
Brake Drums and Wheels Machine Tool Castings 
Bedbars Nodular Iron Castings 


Crankcases Paper Mill Castings 
Crankshafts Pillow Blocks 
Clutch Plates Pistons 


Precision Spindle Castings 
Pressure Vessel Discs 

Diesel and Gas Engine Castings Protractor Bodies and Dials 
Distributor and Starter Castings Pump and Motor Castings 
Drawing Dies Punches 

Gears Refrigerator Compressors 
Generator Castings Sewing Machine Parts 
Governor Parts Textile Machinery Castings 
Hydraulic Cylinders Turbine Castings 

Knitting Machine Beams Valve Castings 


Cutter Head Slides 
Cylinder Sleeves 





contemplated for the castings. The dimensions of 
the test casting are optional. The “as cast” stress can 
be increased by lengthening the horizontal members 
and making a greater difference in their cross sec- 
tions. If lower stresses are desired, dimensional 
changes would be the opposite. 

In some instances the development of stresses due 
to the resistance of the mold to contraction of differ- 
ent parts of a casting can be minimized by loosening 
the sand between or around members in order to 
permit freedom of movement in the direction dic- 
tated by the major stress, thereby preventing the 
generation of a dangerous level of internal stress. Of 
course, care must be taken to avoid damaging the 
casting while performing this operation. Another 
practice is to place relief cavities or low strength 
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collapsible cores in strategic locations so as to permit 
unrestricted expansion or contraction. 

For the purpose of emphasizing the growing im- 
portance of stress relief heat treatments, Table |° 
has been prepared as a partial list of the types of 
castings receiving such treatment in this country. 


Conclusion 


From this discussion of the principles of stress re- 
lief heat treatment, one realizes that there is some 
latitude in the choice of the heat treating tempera- 
ure and the time of holding the casting at tempera- 
ture. This choice is governed by the composition of 
the cast iron, the magnitude of the “as cast’’ stresses, 
the residual stresses which can be tolerated, and the 
importance of any loss in tensile strength which 
might result. 

In conclusion the factors essential for stress-relief 
heat-treatment of cast iron should be emphasized, 
namely: heating the casting slowly and uniformly to 
the temperature range of 1100-1200 F, holding it at 
this temperature for 1 to 2 hr per inch of casting 
thickness, and then permitting it to uniformly fur- 
nace-cool to at least 300 F. 
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ANNEALING IRON 


By 


CASTINGS FOR MACHINABILITY 


A. W. Demmler* 


It is difficult to know where to start on this sub- 
ject. One might diplomatically ask whether machin- 
ability or metallurgy dominates your particular shop; 
the two often represent different and sometimes pret- 
ty divergent thoughts. Let us take “dead soft” for 
an example. I have in mind a centrifugal iron cast- 
ing that is to be hardened before final finishing. Let 
us further realize there is a distinct difference be- 
tween what is possible and what is practical. This 
dead soft sleeve could possibly be under 150 Brinell 
in hardness, just graphite and ferrite, very little pear- 
lite. The tensile strength” would be pretty low and 
the pressure applied in chucking may actually cause 
cracking by plain overstressing the relatively non- 
ductile cast iron. Short of cracking or “exploding” 
the piece from heavy tool loads, stresses may be de- 
veloped in the material that can cause serious com- 
plications as subsequent stages of operation come in. 
This is why stress relieving ahead of final finishing 
operations is a “must” on some jobs; here we are 
not asking for recrystallization, just removal of stresses 
introduced during rough machining. 


Stress Due to Uneven Cooling 


In the absence of an alloy content, or more pre- 
cisely carbide forming elements in thc iron, consider- 
able ferrite will be obtained by heating in the range 
of 1200-1400 F, and slow cooling is desirable to avoid 
stress development from uneven cooling of different 
thickness sections of a casting. This temperature 
range however will not, in normal annealing time, 
break down carbides that may have developed in the 
initial rapid. cooling or solidification of some light 
sections of the casting. For decomposition of car- 
bides an appreciably higher temperature its required 
and here then one must consider how much growth 
can be tolerated and in turn possible warpage. At- 
mosphere control is a possibility, especially as the 
temperature rises, but is much more common when 
only the final machining is yet to be done, perhaps 
after hardening. Rough castings are not so frequently 
processed in controlled atmospheres which might also 


* Director of Metallurgy and Research, Campbell, Wyant & 
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be interpreted to include salt baths. One should also 
recognize that a 2-hr soak at 1650 F for carbide 
elimination may not be as effective as | hr at 1750 F, 
yet the latter may really have an advantage from the 
angle of warpage. Of course at these temperatures, 
the castings must be properly supported in the tray 
or possibly car bottom. Carbide forming alloying 
elements have a stabilizing influence so that higher 
temperatures are forced to accomplish carbide elimin- 
ation. In other words a chilled condition at 0.25 
pct chrome can be overcome with an anneal from 
1650 F, yet with 1.0 pct chrome, 1750 F will be neces- 
sary to accomplish the same end. 


Stress in Chilled Structure 


Incidentally, a chilled structure is often highly 
stressed. Let us consider an alloy iron flanged elbow 
with a relatively light wall (14 in.) on the pipe sec- 
tion and about l-in. thickness on the flange. The 
wall may be predominately carbides with only 20 
pct carbides in the flange. The slower natural cool- 
ing rate in the sand of the flange will result in lower 
stresses in the flange sections than in the pipe wall. 
Perhaps this reference seems far removed from mach- 
inability, but not so. It will probably require 1700 
F to combat these carbides (chromium containing) 
and those in the light wall will be reduced to only a 
couple per cent while the flange section will retain 
perhaps 7-8 pct carbides. The less stressed carbides 
are seemingly more stable and resist decomposition 
more tenaciously than the highly stressed light wall 
carbides of the same composition. The thinking 1s 
along the lines of the process anneal in wire draw- 
ing. Unfortunately excess carbides in a casting do 
not improve tool life and again unfortunately the 
pipe wall generally does not involve machining while 
the flange does. 

These stubborn excess carbides are generally mass- 
ive too and as such are rougher on a tool edge. Mass- 
ive ferrite is not hard, but it too does not benefit 
machinability, at least from a finish angle. It may 
drag and tear and at the same time build up on a tool 
edge to accomplish no good but will not result in a 
shattering effect like hard carbides. This does not 
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A. W. DEMMLER 


mean, however, that one should avoid all carbides. Af- 
ter all, we have all sorts of service requirements and 
one cannot always give the machine shop the number 
one position. The writer’s plant produces cast iron 
camshafts. They are not machined as readily as a 
piece of cylinder iron. The cam is a relatively high 
alloyed iron and is hypereutectoid, carrying a high 
combined carbon even in the annealed condition. 
The service life of this part is recognized and ac- 
cepted by the machine shop. The machine shop is re- 
conciled to the fact that for the good of service life 
some sacrifice of machinability is fully warranted. 
An annealing cycle to attempt to eliminate all the 
carbides from an iron of this type is just about out 
of the question and undesirable. An excessively high 
temperature would be required which would prac- 
tically ruin the fine physical properties; also in the 
absence of a controlled atmosphere, scaling (and its 
removal) would be a serious problem. As a compro- 
mise a uniform distribution of carbides in reasonably 
spheriodal form is the plan, in such applications as 
heavy duty aviatic.: piston rings centrifugally cast in 
pot form. Depending on the cycle, the matrix also 
may be spheroidized or simply pearlitic though the 
former will provide somewhat better machining char- 
acteristics. But these pots are not a free machining 
item and again the nature of the final application 
dictates the course. In general when we think of 
annealing for machining, we are accustomed to look 
for a soft (low hardness) iron. These pots for ex- 
ample seldom fall under 269 Brinell and there is no 
free ferrite present; instead roughly 8 pct of ex- 
tremely stable alloy carbides will be observed. 


Machinability on Production Basis 


If we think of machinability on a tonnage basis, 
the last few items above, while decidely important 
applications, only represent a minority of the field. 
The most common hardness will be from about 150 
to 200 Brinell and there will be massive ferrite and 
no carbides present. The most common annealing 
temperature w'll be 1550-1600 F and time must de- 
pend on section size. A coarser pearlite will, in gen- 
eral, offer superior machinability to a pearlite of very 
fine lamellae. The coarser pearlite will develop from 
a higher soaking temperature followed by slow cool- 
ing, of course. If a spheroidized matrix is desired, 
the cooling is generally arrested around 1300 F for 
a few hours followed by controlled cycle cooling over 
the next 200-300 F. If a fairly high percentage of 
ferrite is precipitated, there is no real need for a 
spheroidized matrix. 

So far we have ignored phosphorus completely. 
Phosphides are a very stable compound. At 0.10 pct 
phosphorus, there will be little or no evidence of 
phosphides in the microstructure and they will not 
be particularly conspicuous at 0.20 pct phosphorus, 
but at 0.35 pct, phosphide skeletons will be readily 
observed in the microstructure. In any customary 
annealing cycle these eutectic structures will not be 
altered. They are hard and brittle and cannot con- 
tribute to improving machinability. 
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While most of us are quite conscious of the liter- 
ally shattering stresses that may be developed in dras- 
tic quenching of cast iron, we seem too often to lose 
sight of the damage that can be done in too rapid 
heating of the casting for annealing. The interior of 
the casting comes to temperature from a higher tem- 
perature on the surface until the entire piece is up 
to temperature. This temperature gradient in the 
theoretical absence of any residual stresses in the 
green casting will develop stresses and these stresses 
piled on top of actual casting stresses may reach the 
cracking point. When you hear a casting “let go,” 
you know what the writer means. 

The initial stresses of the green casting may be 
traced to a number of causes and design itself may 
well be one of them. Too early shake-out without 
some protection against subsequent uneven cooling 
is another and cooling in the sand which is usually 
considered as commendable, can be a hazard in the 
case of a hard rammed mold so bonded as to possess 
high hot strength which will resist normal free shrink- 
age of the casting. To further emphasize this point, I 
would like to refer to some work at the U. S. Naval 
Research Laboratory nearly 20 years ago where con- 
traction characteristics were observed on steel cast- 
ings, in the form of smooth symmetrical bars, as they 
cooled from the freezing point under various de- 
grees of (spring) resistance to free contraction. The 
figures below are for a plain 0.35 pct carbon steel:— 





Expansion 
Contraction Passing Contraction 
above through below 

Restrain- Transforma- Transforma- Transforma- Total 
ing Force tion Range tion Range tionRange Contraction 
None 1.47% 0.10% 1.03% 2.40%, 
Light 0.92 0.18 0.90 1.64 
Medium 0.46 0.24 0.71 0.93 
Strong 0.20 0.15 0.42 0.47 


These differences are large and when one thinks of 
irregular sections it is not difficult to realize the ex- 
istence of severe localized stresses. Wish there were 
time to review these values critically. 

After a very good annealing or stress-relieving job 
has been done we sometimes subsequently “abuse” 
the casting so that doubt is focussed on the quality 
of the anneal. I have in mind shot blasting for 
cleaning; it is in fact a peening test stressing the skin. 
A simple example is a straight wall liner, anneal it, 
then cut it in half across the axle. Next slit one 
half and observe no movement. Blast the other half 
with the ends plugged to confine the blasting to the 
O.D. and slit this piece. There will be definite move- 
ment, but it is not necessarily damaging as the peen- 
ing is confined to the skin layer which will be ma- 
chined off, taking the stresses along. 

The accompanying series of photomicrographs 
(500) are from the U. S. Air Force Machinability 
Report—1950, as prepared by Curtiss-Wright Corp. 
Here is a set of examples of much that has just been 
considered. The gamut is run of ferrite, graphite, 
pearlite, etc., and with these, an index of relative tool 
life for a given set of conditions, considering fine pear- 
lite as par 1). 








HARDENING GRAY CAST IRON 
WITH MINIMUM DISTORTION 


By 


A. A. Armstrong* 


ABSTRACT 


Methods of hardening cast iron are discussed showing some 
of the advantages and limitations of oil quenching and temper- 
ing, martempering and austempering. Control of warpage in 
hardened cylinder liners is discussed with reference to the TTT 
(time, temperature, transformation) curve. For good wear char- 
acteristics, a hardened gray cast iron with random Type A 
graphite in a matrix of tempered martensite or bainite is recom- 
mended. 


® The development and use of gray cast iron for the 
fabrication of many moving and wear parts throughout 
the machine industry brought with it the desire for 
greater strength and greater resistance to wear. To 
improve these properties and lengthen service life, 
the through hardening of such cast parts was per- 
formed by heating them above the upper critical pornt 
and quenching out the matrix structure to produce a 
hard martensite which upon suitable temperimg be- 
came tough. Problems of cracking, distortion, shrink- 
age, collapse, instability of dimension upon ageing 
in the field and failure of parts to harden have 
caused the metallurgist to employ many variations 
of heat treating procedure in order to produce more 
serviceable parts. 

Inasmuch as the hardened structure of gray cast 
iron parts depends to a very great extent upon the 
as-cast structure, graphite flake size, distribution and 
orientation, toughness and composition of the matrix, 
the first requisite for a good finished part lies with 
the foundry source in producing a good casting of 
proper chemistry and soundness, free from large 
and/or excess carbides, and free from chill. 

Having a good sound casting of fine structure, it 
is important to perform a minimum of heat temper- 
ing operations in order to prevent any deterioration 
of such structure. A stress relief draw of one hour per 
inch or less of casting thickness, preferably applied 
after rough machining away the as-cast surface, and 
after the removal of any major amounts of stock, 
tends to reduce distortion at the hardening operation, 
and if performed at temperatures of 800F to 1250F 
does not seem to appreciably harm the structure. 


* Thompson Products, Inc., Cleveland. 
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Heating cast iron to a minimum hardening temper- 
ature tends to promote a more thorough quench out 
and minimizes the tendency to retain austenite. Rais- 
ing the austenitizing temperature considerably slows 
down the transformation of the austenite on quench- 
ing and may result in retained austenite which will 
often gradually transform at a later date causing 
distortion. 

Oil and water quenching followed by the temper- 
ing of simple uniformly proportioned parts is often 
satisfactory; however, distortion, warpage, and crack- 
ing rapidly appear as the part sections begin to vary 
and become more complicated. 


Use Isothermal Treatment 


Efforts to reduce quenching strains point to the 
use of some isothermal process, which will condition 
the thick and thin sections of a part so that the final 
desired quenched matrix structure, may be attained 
as quickly and as uniformly as possible throughout the 
entire piece quickly, in order to make the 
operation commercially feasible and economical and 
also to attatn some high degree of hardness as uni- 
formly as possible, in order to minimize the tendency 
to form hard expanding martensite needles in thin 
sections, while such transformation has not yet begun 
in the heavier more plastic sections. These hard and 
highly stressed sections, if permitted to develop as they 
are in the normal hardening operation, will often 
cause such extreme stresses as to rupture or render 
the part useless from a distortion standpoint. 

An isothermal treatment refers to a process at a fixed 
temperature level for sufficient time to permit the part 
or parts to attain a uniform temperature and often 
a uniform metallurgical structure throughout. In iso- 
thermal heat treatments this is often obtained by 
quenching parts directly from the hardening temper- 
ature into liquid salt, oil or metal baths, maintained 
at constant temperatures considerably above room 
temperature. This may be followed by either a rapid 
quench to room temperature, an isothermal quench 
at a higher temperature, or an air cool to room 
temperature. The following example demonstrates 
such a treatment and its advantages. 

Figure 1 shows a thin, dry, cast iron cylinder 
liner of the type used in commercial internal combus- 
tion engines. This is a hardened liner calling for a 


53-81 





sh 
Ve 
pi 
al 
ne 
OF} 


pe 
p! 


A. A. ARMSTRONG 


hardness of Re 47-52. The casting has been finish 
machined leaving only grinding and honing stock 
for removal after the hardening operation. Thus, 
most of the stock removal has been performed in the 
soft or as-cast state with ease and speed. Table | il- 
lustrates the relative amounts of distortion experienced 
by a direct oil quench and air draw for 1 hour at 600F 
after preheating at 1250F for six minutes, and austen- 
itizing at 1500F for eight minutes in neutral salt 
baths compared with the distortion experienced with 
the same preheat and austenitizing procedure followed 
by an isothermal quench of 28 minutes at 480F, a 
water wash and a 1 hour air draw at 600F, both 
hardening operations having been performed with 
the parts in the same free state. 

The data in Table 1 show the slight amount of 
distortion inherent in the thin parts as they are 
received ready for the heat treatment. The out-of- 
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through the Ms critical at somewhere near the same 
time. 

Isothermal quenching reduces the central mass heat 
level and enables the whole part to be more thorough- 
ly quenched out at once. The higher desired hardness 
can then be obtained in the recessed areaways. Draw- 
ing hardened work for 1 hour per inch or less of 
thickness produces a stable serviceable part. 

Figure 3 from data of E. F. Houghton Co.’ dia- 
gramatically represents four important quenching 
methods as related to the time, temperature, trans- 
formation curves. The first graph represents the 
normal oil or water quench to form martensite and 
to temper it to the desired hardness. 

The second graph shows the martempering method 
where the part to be hardened is quenched into a 
bath slightly above the Ms point only long enough 
to equalize the temperature throughout the part and 


Fig. 1—Cast iron cylinder liner (left) 
is finish machined prior to hardening, 
leaving only grinding and honing 
stock. Table 1 shows distortion in 
hardening. 


Fig. 2—Slide areas of machine tool 
fixture are hardened to same level by 








INSIDE DIA. --~-* 4.438 
QUTSIDE DIA.--~- 4.6025 
FLANGE DIA ---~ 4.777 


FLANGE THICK. -- .125 





round figures under the oil quench heading points out 
not only a large amount of distortion but also a large 
variation in the amount of distortion. Tempering has 
to some slight extent reduced this distortion but the 
necessary stock removal for clean-up is large, varies 
from piece to piece, and is difficult machining be- 
cause of the hardness. 

A comparison of the isothermally treated parts 
shows: (1) Much less total distortion; (2) Much less 
variation in the amount of distortion from piece to 
piece; (3) Much less distortion relative to the thick 
and thin sections of the parts; and (4) Practically 
no further change in dimension with the draw 
operation. These facts all tend toward a more uni- 
form stock removal at final grinding or honing and 
permit a closer control on machining operations 
presenting a more efficient method. 

Figure 2 pictures a machine tool fixture with slide 
areas 1 and 2 required to have a hardness of Ro 48-52 
when this part is made of gray cast iron. Little or no 
trouble is experienced in through hardening it to 
obtain the desired hardness on area 1 but hardness 
of Ro 38-42 can be expected in areaway 2 together 
with some distortion, unless the quenching technique 
is varied so that the various sections of the part travel 


isothermal quenching. 





then quench it to room temperature forming marten- 
site which is then tempered to the desired hardness. 

The third graph demonstrates austempering with a 
quench higher up above the Ms point 600F to 900F 
for a sufficient time to complete the transformation 
into bainite and cool the work to room temperature 
without including a tempering operation. 

The fourth method portrays an isothermal quench 
followed immediately by an isothermal draw at a 
higher temperature. 

It is well at this time to examine the S or TTT 
curves for cast iron. Figure 4 is a graph showing S- 


Table 1—DISTORTION OF THIN CYLINDER LINERS 








Top Bottom 
ID OD ID OD 
Before Heat Treatment 
Average Out of Round .002 ~=.001 .003 = .001 
After Oil Quench 
Maximum Out of Round .018 .020 .064 .065 
Minimum Out of Round .003 .005 .020 .007 
Average Out of Round 012 012 .040 38.033 
After Isothermal Quench 
Maximum Out of Round .014 .009 .009 .005 
Minimum Out of Round .003 .001 .003 .002 
Average Out of Round .008 006 .006 .003 
After Oil Quench and Draw 
Maximum Out of Round .017 .023 .061 .071 
Minimum Out of Round .006 .004 .012 .019 
Average Out of Round .011 010 .039 .025 
After Isothermal Quench and Draw 
Maximum Out of Round .014 .008 .007 + .005 
Minimum Out of Round .003 .003 .003 .003 
Average Out of Round 008 .005 .005 .004 





























Time (Lagerithrc Scale) ———e 
Fig. 3—Four quenching methods related to TTT curves. 


curves for low alloy gray cast iron prepared from the 
work of C. R. Austin.? Superimposed upon this graph 
is curve 3 which represents a martempering hardening 
cycle such as is most commonly applied today. From 
curve 3 (Fig. 4) one can see that the total isothermal 
furnace time is reasonably low exclusive of the draw 
operation which can readily be an air draw. 

For example, a gray cast iron part with a maximum 
thickness of one-half inch could be martempered by 
preheating for six minutes at 1250F, austenitizing for 
eight minutes at 1500F, marquenching for 12 minutes 
at 480F cooling to room temperature and tempering | 
hour at temperature. This procedure can be expected 
to produce a stable finished part of maximum hard- 
ness and minimum distortion. Hardness of Ro 47-55 
may be expected depending upon the initial structure 
of the casting. The matrix structure of the finished 
part will be tempered martensite. 


HARDENING GRAY CaAstT IRon 


Curve 4 (Fig. 4) demonstrates an austempering cycle 
featuring a 600F isothermal austempering quench re- 
quiring approximately 9,000 seconds or 214 hours for 
its completion. Further tempering is not required to 
stabilize the matrix structure which will be tempered 
martensite and bainite with a hardness approximately 
equal to a normally hardened part with a 600F 
tempering treatment. If a lower matrix hardness is 
desired, an isothermal draw at an elevated temperature 
may immediately follow this austempering cycle. The 
advantages of this cycle lie in the ability to harden 
parts without the formation of martensite and its 
accompanying expansion which may cause distortion 
and cracking. 

However, in the use of Fig. 4, it is well to remember 
that these curves are representative of low alloy gray 
cast iron and may be considerably displaced by 
variations in both amount and type of alloy content. 
This increased alloy content may raise or lower the 
Ms transformation and will suppress the S-curves 
so as to lengthen the transformation time. It is, there- 
fore, possible with increased alloy content to under- 
estimate the transformation time and particularly in 
an austempering cycle to end up with a product 
containing retained austenite later transformed into 
untempered martensite. 

In conclusion, it can be said that a through hard- 
ened gray cast iron part having a good random distri- 
bution of Type A graphite size 4 to 6 in a stable, well- 
tempered martensitic or bainitic matrix containing 
no retained austenite or untempered martensite and 
having enough alloy of the proper kind tu produce the 
necessary strength and toughness will show good 
service and long wear life. 
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Fig. 4—S-curves for 
low alloy, inoculated 
gray iron with martem- 
pering hardening curve 
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FLAME HARDENING OF CAST IRON 


By 


M. R. Scott* 


® In the past 15 years the foundry industry has mech- 
anized its equipment and quietly carried on a program 
of research and development which should now place 
it in a fine competitive position. Many of the new 
techniques applied to steel fabrication can, and some 
are, being used successfully in cast iron. One of these 
is the flame hardening process. The recurrent shortage 
of alloys has enabled the metallurgists to take advan- 
tage of, and coordinate, the inherent qualities of cast 
iron and flame hardening. Very real and substantial 
savings can result when a basically sound and practi- 
cally applied process, such as flame hardening, is used 


* Detroit Flame Hardening Co., Detroit. 
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Overhead view of flame-hardening tank sprockets. 
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with a full understanding of the results expected and 
attained. 

Flame hardening consists of localized heating fol- 
lowed by quenching to provide a physical change in 
the surface of the metal. The limits of application of 
the process are wide and may be determined only by 
such practical aspects as availability of gases and man- 
ufacture of suitable equipment. The process offers 
wide diversification in the treatment of low, medium, 
and high carbon irons and steels. As in other harden- 
ing by heat treatment, the quench may be air, water, 
or oil. 

Oxygen and acetylene are the two most commonly 
used gases because they produce the highest flame 
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temperature (approx. 6000 F) and a high rate of flame 
propagation. Many of the petroleum gases are used 
for flame hardening but they produce a lower flame 
temperature and consequently require longer heating 
periods. The economics of using petroleum gases com- 
bined with oxygen, or acetylene and oxygen, can prob- 
ably best be determined by a study of the application 
for which they are intended. 

Since it is necessary to use a highly oxidizing flame 
to secure the maximum flame temperature with petro- 
leum types of gases, a decarburized skin will result on 
the surface of the part heated. On the other hard, the 
oxy-acetylene flame can be adjusted to provide either a 
neutral, oxidizing, or reducing flame without seriously 
affecting the flame temperature and therefore the rate 
of heating. Generally speaking, the oxy-acetylene flame 
can be used to greater advantage in the treating of cast 
iron, since the more rapid heating will produce a sat- 
isfactory depth of hardness with the minimum dis- 
tortion. 


Cast Iron Metallurgy in Brief 


Gray iron constitutes by far the largest tonnage 
in the present foundry industry, therefore the com- 
ments in this paper will be directed toward gray 
iron, although they may also apply to the special irons 
now coming to the attention of metallurgists and de- 
sign engineers. 

Cast irons containing a considerable amount of 
graphitic carbon are known as gray cast irons because 
the appearance of their fracture is grayish or blackish 
and coarsely crystalline. Cast irons with all the carbon 
in the graphitic condition (no combined carbon) are 
extreme types, seldom produced, and not readily flame 
hardened. The structure of cast iron practically free 
from combined carbon consists of an iron or ferrite 
matrix in which are embedded many irregular and 
generally elongated curved plates of graphite (Fig. 1). 
These graphite plates break up the continuity of the 
metallic mass so effectively that the ductility and mal- 
leability of the iron is completely destroyed. 

The brittleness of graphitic cast iron is not due to 
the proportion of graphite it contains but rather to 
the shape and dispersion of the graphite particles 
(Fig. 2). Conversely, when the graphite occurs in small 
rounded particles as in malleable or nodular irons the 
ferrite matrix may retain considerable ductility and 
malleability. 

Cast iron has the facility of being able to withstand 
metal-to-metal wear primarily because of the embed- 
ded particles of graphite. However, the comparatively 
soft matrix offers little resistance to hard, foreign par- 
ticles which may become wedged between sliding 
parts. When such a material is hardened, it is reason- 
able to expect that graphite particles embedded in 
martensite will provide a nearly perfect surface for 
wear resistance, superior to steel of equal hardness. 
Figure 3 illustrates the martensitic structure immedi- 
ately below the surface of a flame hardened specimen. 


Best Combined Carbon for Hardening 


Most of the cast iron produced in this country con- 
tains both graphitic carbon and combined carbon, the 
latter in the range of 0.25 to 0.85 per cent. The factors 
affecting this distribution of carbon between the com- 
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Fig. 1 (Top)—Unetched specimen, showing attitude of 
graphite dispersion. (X 500). 


Fig. 2 (Center)—Structure of unhardened iron which is 
essentially all lamellar pearlite with small patches of 
ferrite. Etchant—1% Nital. (X 500). 


Fig. 3 (Bottom)—Martensitic structure immediately be- 
low the flame hardened surface, showing stringers of 
graphite. Etchant—1% Nital. (X 500). 


bined and graphitic states are: (1) Rate of cooling 
during and below solidification; (2) Presence of sili- 
con, manganese, and sulphur. Silicon promotes the for- 
mation of graphitic carbon, while magnanese and 
sulphur oppose the formation of graphitic carbon. 
Since gray iron may be considered as composed of a 
steel matrix in which numerous plates of graphite are 
embedded, it is possible, through suitable heat treat- 
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(Upper left): Typical cast iron die 
that has been flame hardened for 
longer life. (Lower left): Rolls cast 
soft, machined to final dimensions, 
then flame hardened. (Upper right): 
Full length cast iron ways as integral 
part of base. (Lower right): Ways 
cast sectionally. 








ment, to greatly modify the physical properties of the 
iron. It is possible to produce a pearlitic or a mar- 
tensitic matrix and secure softness or hardness in 
accordance with requirements. 

Flame hardening can be successfully accomplished 
on cast irons not in the range of 0.25 to 0.85 per cent 
combined carbon, but such irons require special treat- 
ment and do not permit utilization of the process 
under optimum conditions. Unfortunately, the ex- 
tremely rapid heating by oxy-acetylene flames provides 
a minimum of time for diffusion of carbon to form 
reasonably homogenous austenite prior to quenching. 
On the other hand, when the rapid heating is applied 
to cast iron of suitable analysis (CC 0.25 to 0.85) sufh- 
cient combined carbon exists to form a hard surface 
case of controllable depth. Since cast iron differs great- 
ly from steel, some of the variables encountered in 
applying and testing the flame hardening process will 
be discussed. 


Which Hardness Test to Use 


The surface of cast iron that has been machined or 
ground contains tiny graphite pits susceptible to in- 
cipient fusion. Unless flame hardening is done with a 
thorough understanding of the process these pits may 
form hard spots that will be indicated by the testing 
equipment. Since cast iron differs from steel in this 
respect, the same types of tests will not prove suitable, 
and those who write the hardness specifications for cast 
iron must expect some latitude in the hardness range. 

The degree of variation depends upon the type of 
testing equipment used. The most common error in 
this respect is in requiring a certain hardness reading 
on a Rockwell or diamond point tester. As a result, 
rejections occur in final acceptance of a part which 
should be entirely satisfactory from the standpoint of 
wear resistance. The most commonly used tests are the 
Brinell, the scleroscope, and the Rockwell. Each has its 
field of usefulness, but none is entirely satisfactory for 
the testing of a flame hardened cast iron surface. Fig- 


ure 4 illustrates the type of indentation for the Brinell 
and Rockwell tests. 

Brinell. The Brinell hardness number (Bhn) is cal- 
culated from the diameter of the impression left after 
a 10-mm diameter ball is pressed into the surface of the 
metal in not less than 6 seconds, and then held at the 
maximum load of 3000 kg for 30 seconds. The Brinell 
number is calculated as the load divided by the spheri- 
cal area of the impression. The harder the metal, the 
smaller the indentation for a given load, and the 
higher the Bhn. 

Variations that may occur with this method of test- 
ing are: (1) Surface hardness in excess of 500 Bhn may 
cause deformation of the ball with consequent errone- 
ous readings; (2) The normal flame hardened depth of 
case will range from 0.030 to 0.120 in. of maximum 
hardness and the 10-mm ball may break through the 
case. From the practical aspect, the Brinell machine 
is not generally applicable because most cast iron parts 
are finished and the indentation mark may not be 
permissible. In addition, many cast iron parts, due to 
their size may not be placed in the Brinell machine. 

Scleroscope. In this type of test, a diamond-tipped 
hammer is dropped from a definite height upon 
the surface to be tested, and the hardness is measured 
by the height of the rebound, the scale being grad- 
uated in arbitrary units. The depth of penetration is 
very small and the rebound is regulated more by the 
elastic limit of the specimen than by its tensile 
strength. Hence, the scleroscope does not measure 
the same type of hardness as do the indentation 
methods. Its disadvantages are the “anvil” effect when 
used on light sections, and the fact that it must be 
checked constantly against test blocks to insure its 
accuracy. However, its portability and the fact that 
it does not indent the surface of the iron deeply make 
it the most suitable for testing flame-hardened cast 
iron castings. 

Rockwell. A rapid and highly regarded method for 
testing is the Rockwell C test which is similar to the 
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Vickers except that a diamonu cune (120 degree) in- 
stead of a pyramid is used for the penetrator. In the 
Rockwell test, the penetrator is. first seated by a small 
minor load, the dial set to zero, then the larger or 
major load (usually 150 kg) is applied for a specified 
time. When the major load is removed, the hardness 
number is read directly from the dial. 

Application of the major load in the order of 150 
kg causes variation in the readings. Figure 7 shows 
the type of variation that may occur when taking 
hardness readings at 4-in. intervals along a polished 
surface of flame hardened cast iron. It reveals that 
the A scale has less variation since the depth of the 
penetrator is less and should therefore be used in- 
stead of the Rockwell C scale. For Rockwell machines 
equipped with the 30N or Superficial scale (30 kg), 
the readings could be expected to be more accurate. 
However, when the latter scale is used, the surface 
tested must be highly polished to avoid errors created 
by grinding or machining marks. 


Compare Rockwell and Scleroscope 


Since the Rockwell tester is well known, and 
usually available, hardness is generally specified in 
one of its scales. However, the actual readings may 
be taken by scleroscope and converted to Rockwell 
but the variation in this conversion must be taken 
into consideration in testing cast iron. An example of 
this is illustrated in Fig. 5, which shows the varia- 
tion in conversion from Rockwell C to scleroscope, 
and the actual scleroscope readings. It is believed 
that the actual scleroscope readings are more repre- 
sentative of the true measure of the surface hardness 
than Rockwell C. It is also noticeable that, the higher 
the hardness of the surface, the greater will be the 
variation between the two methods in conversion. 

The problem of hardness testing cannot be dis- 
cussed without mention of the practical and probably 
the most universally used method—file testing. While 
testing with a file cannot be accepted for high ac- 
curacy, in the hands of an experienced individual 
who understands testing and the metallurgy of cast 
iron, it can be a valuable aid in determining the 
physical characteristics of the part being tested. 

Several file manufacturers supply hardness testing 
files in ranges equivalent to 35 to 65 R,. This is a 
definite improvement over the single file method 
and may be useful in checking parts which cannot 
be tested by the usual methods. 


How Deep You Should Harden 


The depth of the flame hardened case is usually 
determined by the service to which the part may be 
subjected, but in the actual hardening process, it be- 
comes a function of time, temperature, and quench 
and is both controllable and reproducible. The nor- 
mal flame hardened case will be in the range of 0.030 
to 0.120 in., although for special applications it may 
be increased to 0.250 in. or greater. In hardening cast 
iron to a specified depth, certain precautions must 
be observed if the surface condition is to be left in a 
perfect state for wear resistance. 

It has been indicated that the ratio of oxygen 
and acetylene is variable within limits. Since depth 
of hardness is primarily a function of time at tem- 
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Fig. 4—Relative depths of Brinell, Rockwell C and Rock- 
well N hardness impressions. 
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Fig. 5—Rockwell C—Converted vs. Actual Scleroscope 
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Fig. 6—Surface hardness—Deep vs. light case depth. 


perature, and the temperature of the oxy-acetylene 
flame is approximately 6000 F, it follows that cast 
iron may have some of the carbon burned from the 
surface if subjected to a neutral or oxidizing flame 
for a long period of time. 

The normal type of hardness curve is illustrated 
in Fig. 6, which reveals a slightly lower surface 
hardness in a total case depth of 0.060 in. If this case 
depth were extended to 0.125 in., and the neutral or 
oxidizing flame adjustment maintained, the depth 
of decarburization would be increased, since the car- 
bon would be burned from the surface more rapidly 
than it could be combined from graphitic carbon 
in the matrix. 

Or the oxy-acetylene flame may be adjusted to pro- 
vide a reducing atmosphere and thereby protect the 
iron surface from decarburization. In fact, some evi- 
dence exists to prove that the surface carbon may be 
increased somewhat though the time at temperature is 
short. The probability exists that there is sufficient 
time to convert a higher percentage of graphitic car- 
bon to combined carbon. The top curve in Fig. 6 
reveals this condition of high surface hardness com- 
bined with greater depth when subjected to a slightly 
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reducing flame during the hardening operation. 
Further practical aspects may dictate the depth of 
case to be specified. Unless the casting is sufficiently 
massive, or the part to be hardened is properly con- 
fined, a heavy case depth may cause distortion well 
beyond manufacturing tolerences. The optimum case 
depth of 0.030 to 0.120 in. will produce the minimum 
distortion combined with suitable hardness. 


Where Flame Hardening is Used 


With the knowledge and experience of so few 
years, it is impossible to describe or predict the extent 
to which flame hardening can be utilized by the iron 
industry. However, it seems reasonable to assume that 
in the near future it may become far more important 
than even the most optimistic metallurgists care to 
predict. The initial experiments of several companies 
some 12 to 15 years ago, in flame hardening machine 
ways, has become the accepted practice of today. This 
field seems unlimited and its growth will depend upon 
the ability of the foundry industry to point out the 
advantages of using cast iron when combined with 
suitable design features for various types of machines. 

The versatility of the flame hardening process lends 
itself to the machine tool industry, which must pro- 
vide surface protection for parts which may be curved 
or straight, light or heavy, and cannot be economically 
hardened by other methods. 

All industry is crowded with possibilities for use of 
this adaptable process and the design engineers who 
fully understand flame hardening agree that it can 
be a tremendous aid to the foundry industry in secur- 
ing acceptance of castings in new fields. It may be 
worthwhile to illustrate a few of relatively new ap- 
plications. 

It has been common practice for the industry to 
produce chilled rolls for the paper, steel, and allied 
industries. This method produces a fine roll with 
a hardened surface created by pouring into suitable 
molds. These rolls accelerate the cooling of the roll 
surface and thereby provide a fairly high hardness. 
Most rolls must have a very smooth surface and quite 
often the chilled roll has enough hardness to prevent 
final sizing by machining. The result is reliance upon 
grinding. 

There is sufficient evidence to prove that some types 
of rolls could be produced more cheaply, without 
sacrifice of quality, by casting the roll in soft condi- 
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tion, machining to final dimensions, and flame hard- 
ening. Page 659 illustrates cast iron rolls produced by 
this method. 

Both the foundry and the machine tool industries 
are cooperating in providing machines with cast iron 
bases and flame hardened ways. However, to date, 
only a few have recognized that further savings can 
be achieved by casting the ways as an integral part 
of the base. Obviously, there are cases when this is 
impossible and a choice then lies between casting sec- 
tional or full length ways. In either case, it is possible 
to machine the ways to very close tolerences, flame 
harden, and then finish grind. Both types of fabrica- 
tion are illustrated. 


Die Life 

One of the first uses of flame hardening in cast iron 
was to increase the life of dies used in forming steel. 
While this use has continued, it has never been pro- 
moted because of the inability of most heat treating 
shops to handle large dies. With the threat of plastic 
dies, and in the face of the continuing shortage of 
alloys, it is well for the foundry industry to evaluate 
the use of flame hardening in conjunction with lower- 
cost cast iron to provide dies applicable to the auto- 
motive and appliance industries. 

The initial cost of a die is usually extremely high, 
and any process that will increase its productive life 
many times warrants study and application. Nor- 
mally, the wear on dies is confined to a relatively small 
area of the surface and, if this area is hardened, the 
entire die life is entended. The sizes and shapes of dies 
vary considerably but the flame hardening process 
is adaptable to the small or large die with equal 
facility. Some of the cast iron dies used in the auto- 
motive and appliance industries that have been flame 
hardened for longer life are shown. 


Conclusions 


1. Cast irons covering a wide range of chemical 
analyses can be suceessfully flame hardened. 

2. The desirable range of combined carbon in gray 
iron to be flame hardened is from 0.25 to 0.85 per 
cent. 

3. Cast irons that do not contain combined carbon 
in the range of 0.25 to 0.85 per cent can be flame 
hardened if subjected to suitable treatment. 

4. The hardness gradient found in flame hardened 
cast iron is sharper than that found in flame hardened 
steel. 

5. In general, the oxy-acetylene flame is the most 
suitable gas combination for flame hardening. 

6. The Shore scleroscope hardness tester is the most 
satisfactory method for testing flame hardened cast 
iron although it has limitations. 

7. Scleroscope readings converted to Rockwell read- 
ings will be more accurate than direct Rockwell read- 
ings. 

8. The Brinell is not a satisfactory method for test- 
ing the average flame hardened case. 

9. The depth of case and the surface condition of 
flame hardened cast irons are controllable. 

10. The flame hardening process is applicable to 
practically all gray iron castings that require selected 
areas to be protected from wear. 








AIR POLLUTION AND PUBLIC RELATIONS 


By 


John M. Kane* 


® For many years the foundry industry has recognized 
the need for and has consistently installed effective air 
pollution control equipment for its dust producing 
operations. The recognition of the need preceded the 
current national emphasis on air pollution control by 
such an interval that the achievements of the industry 
go unnoticed. 


Few air pollution control officials and probably too 
few foundrymen appreciate that: 


1. Some 10 per cent of all capital expenditures for 
foundry equipment has been allocated to air pollution 
control equipment. Table 1 shows that such practice 
has been true for many years. Actually air pollution 
control expenditures are higher than Table I indicates, 
as installation costs are seldom included in air pollu- 
tion control equipment while many other types of 
foundry equipment are sold on an installed basis. 


2. Development and improvements of the high 
efficiency dust collector designs such as the fabric 
arrester and present day wet type dust collectors were 
largely due to demands of the forward looking found- 
ry industry and foundry equipment supplier. It is no 
mere coincidence that many of the major fabric 
arrester manufacturers are also makers of heavy dust 
producing foundry equipment such as abrasive clean- 
ing and tumbling units. It was the advent of the 
central shakeout and the sand conditioning material 
handling systems in the 1930’s that accelerated interest 
in and development of wet type collectors of high 


* Manager, Dust Control Products, American Air Filter Co., 
Louisville, Ky. 
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efficiency to cope with the steam, hot gases, and fine 
particles released from those operations. 


Air Pollution As Public Sees It 

For most cities today, air pollution problems are 
largely of the “public nuisance” types—emissions from 
industrial stacks of dusts that settle readily on neigh- 
borhood cars, laundry, porches, window sills, and 
home interiors when windows are open. Some idea of 
the public relations troubles that could be incurred 
with a “do enough to get by” attitude can be visual- 
ized when effluent loadings are estimated and typical 
dust collector performance is evaluated against min- 
imum standards of acceptable concentrations outlined 
by many city ordinances. 


While foundry dust loadings vary to the extreme 
with the range of metal poured and with the size 
and quantity of castings produced, the data in Table 
2 will be typical of many a medium sized foundry. 
The outstanding control that is obtained is significant 


TasBLe 1—CApiITAL EXPENDITURES BY THE FOUNDRY IN- 
DUSTRY FOR AIR POLLUTION CONTROL EQUIPMENT Com- 
PARED WITH ALL FOUNDRY EQUIPMENT 





Per Cent Equipment Expenditures 
for Air Cleaning Equipment 


Year 


1952 7.9 per cent 
1951 7.9 per cent 





1950 9.5 per cent 
1949 14.9 per cent 
1948 8.6 per cent 


From statistical data of Foundry Equipment Manu- 
facturers Association. 
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TABLE 2— AIR POLLUTION CONTROL IN A TYPICAL FOUNDRY 

















Effluent Air : : : 
Gr/cu ft Gr/cu ft Approximate Equipment Cost 
Standard Air Pounds per hour Standard corrected Per Cfm 

Operation Cfm Collected Discharged Air to 500F Standard Air In 1952 Dollars 
Shakeout 15,000-30,000 100- 700 10-25 -05-0.10 0.03 -0.06 $.25-$.40 $ 4,000-$12,000 
Sand System 6,000-10,000 150- 500 5-15 -1 -0.2 0.06 -0.12 -35- .50 2,000- 5,000 
Grit Blast Room 10,000- 200- 500 2- 5 -0005-0.1 0.003-0.06 -35=- .50 3,000- 5,000 
Airless Blast 3,000 200- 300 2- 3 -05 = 0.2 0.03 -0.12 -40- .60 1,000- 2,000 
Grinding Wheels 3,500 10- 15 0.5- 1 -002- 0.1 0.001-0.06 -15=- .25 500- 1,000 

TOTALS 37, 000-56, 000 660-2015 19.5-49 $10,500-$25, 000 
Add 
Cupola (5T/hr)* 7,500 30-150 15 0.2 <-0.4 0.12 -0.22 $.75-$1.50 $10,000-$20,000 
Or Add 
Electric Furnace 15,000 12- 30 8.0 0.05 -0.1 0.12 -0.22 $.35-§ .50 $ 5,000-$ 7,500 

(5T/hr) * 





*The control equipment considered for this melting unit will not greatly alter the discharge appearance of the 


stacks. 


when compared with permissible fly ash emissions 
from boiler stacks under many existing air pollution 
control ordinances. A case history study, Table 3, of 
a moderate sized steel foundry employing 700 people 
and producing 40 tons of castings per 8 hour shift 
confirms the general pattern projected in Table 2. 

In the light of the outstanding performance of the 
foundry industry as recorded above, it is disappointing 
to find the foundry one of the first industries cited 
by air pollution control boards. However, it is seldom 
that control of the major sources of dust generation 
is even discussed. Almost invariably the target is the 
visible plume from the melting furnace stacks. In the 
translation from “smoke abatement” enforcement to 
over-all “air pollution control,” the convenient visual 
tool for checking efficient combustion of a fuel burn- 
ing boiler has been stretched to encompass stacks 
from industrial operations. This visual or capacity 
yardstick is used in spite of: 

1. No known correlation between weight emissions 
and visual appearance. 

2. Substantial concentrations of coarse “public nuis- 
ance” types of dust will not be visible in a stack ef- 
fluent. 

3. No opportunity exists to improve the appearance 
by more efficient operation of the industrial process. 
This comment applies to a more limited extent to 
the foundry cupola where better control during light- 
ing up may be indicated or where afterburning in 
the cupola stack can eliminate unburned combustible 
materials. 


What Future Holds 


Looking into the future, the foundry with high 
efficiency, dry centrifugal, good wet collectors or fabric 
arresters controlling snagging, swing frame, and port- 
able grinding have little to worry about future more 
stringent controls for those operations. Likewise the 
use of good wet collectors or fabric arresters will 
adequately control abrasive cleaning operations and 
good wet collection will give high efficiency and ex- 
cellent collection for sand systems and most shakeout 
operations. 

On the other hand, control of melting furnaces 


Table 3 DUST LOADING IN A MODERATE SIZE STEEL FOUNDRY 





Dust Load to Collector Dust Load to Atmosphere 


Operation Ib/hr Grains/cu ft ib/hr Grains/cu ft 
Shakeout, Sand System¢ 130 544 3.9 0.016 
Sand Mixer Cooling Hoods3 75.0 0.405 1.5 0.008 
New Sand System2 
Shakeout 8 x 104 104 0.304 4.2 0.012 
Electric Furnaces! 10.2 0.296 2.4 0.07 
Wheelabrator 48 x 48 in.1 35.0 0.639 1.1 0.026 
Blast Room 13 x 15 ft 91.0 0.945 1.8 0.019 
Blast Room 12 x 14 fts 78.0 0.928 1.6 0.019 
Blast Room 14 x 15 fts 91.0 0.840 1.8 0.017 
Airless Blast 48 x 96 iné¢ 70.0 1.045 1.4 0.021 
and Tumbling Mills 
Swing Frame Grinders1 15.1 0.126 1.6 0.014 
Snag Grinding & Cut-offi 36.2 0.516 0.4 0.0054 
—_—_— _ 
TOTAL 725.5 21.7 
1. Weights obtained by actual sampling of inlet and outlet ducts. 


. No data available due to infrequent use of new sand system since sand reclaim 
system installed. 


is 


3. Weights obtained by sampling one collector system and assumed same per- 
formance on remaining two systems. 
4. Loadings obtained by weighing dust actually collected for 24 hour period, 


assumed collector efficiency same as that tested on similar systems. 





and eventually smokes from pouring operations will 
be expensive per pound of contaminant involved. The 
cost will be especially high if industry does not make 
a more determined.effort to counteract present trends 
of control authorities and public to view visible plume 
from melting furnace stacks as a major contributor 
to the community air pollution problem. 

If the few pounds of metal fume from ferrous 
melting stacks must be removed to satisfy a visual 
standard of performance, control will be expensive 
and complicated, where related to the few pounds of 
sub-micron particles involved. Current foundry trends 
of wet collector applications to cupolas and electric 
furnace stacks to remove all coarse particles have been 
noticeably retarded as acceptance of that degree of 
control has been debated by air pollution control 
authorities. 

To date, the foundry industry has made little effort 
to tell community or control groups about its ex- 
tensive and effective air pollution control installa- 
tions. It is possible that such a program at the com- 
munity level would do much “public relations” good, 
would forestall public criticism based on lack of 
information, and could even be helpful in giving 
the control authorities a better understanding of the 
air pollution control efforts and expenditures which 
actually are far above those of many other segments 
of dust producing industries. 








EFFECT OF CASTING “FIBER” ON MECHANICAL PROPERTIES 
OF ALUMINUM-4 PER CENT COPPER ALLOYS 


By 


William D. Walther,* Clyde M. Adams* and Howard F. Taylor* 


ABSTRACT 

This paper describes part of a larger research program de- 
signed to determine specifically why castings of aluminum-cop- 
per alloys usually possess lower strength and ductility than 
might be expected. Once the causes of this phenomenon are 
accurately isolated, it is hoped the information will prove valu- 
able in designing means for the foundryman to improve his cast 
product and thus widen the application of aluminum castings 
in engineering. The problem of strength and ductility of 
aluminum-copper castings is symbolic of conditions in manu- 
facture of many alloys having a relatively wide temperature 
range of solidification. 

This paper is concerned with the existence and significance of 
a cast fibred structure in a high purity aluminum-copper alloy. 
Specifically it shows: 

1. A cast fibred structure results from a preferred distribution 
of gas porosity along grain boundaries. The special apparatus 
and casting procedure used gives rise to three different types of 
macrostructure, two having highly preferred crystallographic 
orientations, and from the preferred crystallographic orienta- 
tions result the regimented gas porosity. 

2. Conditions necessary to produce the various macrostruc- 
tures have been delineated. Some interpretations of the struc- 
tures encountered and mechanism of their existence have been 
proposed. 

3. A consequence of the cast fibred structure is a marked di- 
rectionality of mechanical properties; that is, test bars from cast 
ingots exhibit different mechanical properties depending upon 
how the test piece is cut from the specimen. 

4. Favorably oriented test bars have mechanical properties 
approaching those of the wrought material. 


Introduction 


Gas porosity has often been designed as the chief 
cause of low mechanical properties in cast aluminum 
alloys. Many technical papers and books have dealt 
with the possibility of decreasing gas (or “interdend- 
ritic’) porosity in cast aluminum alloys to increase 
strength. Normally only at very low gas contents does 
the strength of cast aluminum alloy increase signi- 
ficantly.1 The extreme measures necessary to com- 
pletely rid aluminum alloys of gas porosity have been 
strikingly set forth by Whittenberger and Rhines in 
a recent publication. They found it necessary to use 
vacuum techniques and to boil part of the metal 
away to completely purge the metal of hydrogen gas. 
In this case the bubbles of metal vapor acted as a 





*Research Assistant, Assistant Professor, and Professor, re- 
spectively, at Massachusetts Institute of Technology, Cambridge, 
Mass. 
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fluxing agent. In practice, chlorine or an inert gas is 
bubbled through the ladle of molten metal and acts 
as the fluxing agent. 

Mechanical properties of cast aluminum alloys can 
also be improved by reducing grain size. Reduced 
grain size increases strength even though the total 
amount of gas remains the same. The increased 
strength of fine-grained aluminum alloys, whether 
the fine grains are produced by chilling or by alloy 
additions, has been attributed to a favorable disper- 
sion of gas porosity at grain boundaries.® 

A usual distinguishing feature of cast materials is 
the lack of directionality of mechanical properties; 
i.e., castings usually exhibit equal strengths in all 
directions. Directionality is common in rolled sheet 
due to porosity, impurities, segregates, or nonmetal- 
lics distributed in a fiber structure along the rolling 
direction, leading to higher mechanical properties in 
the rolling direction than in the transverse direction. 
The following paper deals with a favorable distribu- 
tion of gas porosity along certain directions of a cast 
aluminum alloy ingot in such manner as to produce 
marked improvement in mechanical properties in 
these directions. This preferred or selective distribu- 
tion of porosity or impurity is designated as a cast 
fiber structure. Cast structures that could lead to a 
fibered condition have been reported in the litera- 
ture.*56 Structures particularly susceptible to direc- 
tionality are columnar and twin grain types, and both 
have been obtained before in aluminum-copper al- 
loys.®7.8 

Experimental Procedure 

A. Apparatus. The apparatus used for the experi- 
ments described herein is illustrated in Fig. 1. The 
essential elements are: 1) a copper disk 6 in, in diam- 
eter, cooled by a water jet delivering water at ap- 
proximately 34 lb/sec, and 2) a pre-heated silica sand 
mold, 334-in. diameter by 6 in. high, open at both 
ends. The steel box upon which the mold and plate 
rest is a converted Jominy end-quench apparatus, with 
a pump for re-circulating water. Temperature mea- 
surements were recorded with a multipoint recorder 
using a chromel-alumel thermocouple. All heats were 
melted in a gas-fired crucible furnace using a clay- 
graphite crucible. 
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B. Materials. Aluminum of 99.996 per cent purity 
and cathode copper (99.5 per cent purity) were used 
in the preparation of the aluminum-4 per cent cop- 
per alloy. Copper-aluminum hardener (50/50 grade) 
was produced and used to facilitate additions of cop- 
per to the melt. Calcium was added as calcium chips 
in amounts varying from 0.01 to 0.1 per cent (de- 
pending upon recovery achieved) for a series of ex- 
periments on the effect of calcium additions. 

C. Procedure. Silica sand was rammed within a 614- 
in. diameter steel shell to form a mold of 33,-in. in- 
side diameter. The mold was dried 3 hr at 400 F 
prior to use. The mold was then heated with the 
metal during melting in a gas-fired crucible furnace. 
Argon was bubbled through the molten metal for 10 
min to insure that the melt attained complete uni- 
formity. The melt was then superheated to the tem- 
perature desired, the mold taken from the gas furnace 
and placed on the copper disk, metal temperature re- 
corded, and the metal poured into the mold. A radia- 
tion shield was placed over the mold as soon as pour- 
ing was completed to prevent chilling by the air, and 
water flow was started immediately. 

The above procedure insured unidirectional heat 
flow. The ingot maintained good contact with the 
copper disk during freezing, because the moiten metal 
penetrated between the sand mold and copper disk 
during pouring; on solidification of this metal the 
mold was lifted up slightly and the bottom of the 
ingot held snugly against the copper disk. 

Preliminary experiments indicated that different 
structures could be obtained by varying only the pour- 
ing temperature, provided rapid directional solidifi- 
cation prevailed. In the series of experiments dis- 
cussed below the pouring temperature was varied be- 
tween 1180 F (the liquidus temperature of the alum- 
inum-4 per cent copper alloy) and 1670 F. 
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Fig. 1—Schematic illustration of apparatus used for uni- 

directional freezing of ingot. The apparatus consists of 

a converted Jominy end-quench box, copper disk, and 

hot sand mold. The water impinges against the copper 
disk at a velocity of 62 ft/sec. 
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Fig. 2—Illustration 
of location of test 
bars in the ingot. 
Bar A is vertical 
and parallel to the 
axis of the ingot. 
Bars B and C are 
horizontal and per- 
pendicular to each 
other. 











The structure of each ingot was determined by 
etching the outside surface before sectioning. Me- 
chanical tests were made on three mutually perpen- 
dicular test bars taken from each ingot. One bar was 
vertical (parallel to the axis of the ingot) and the 
other two were horizontal and perpendicular to each 
other (Fig. 2). A 0.505-in. diameter test bar was 
used, but the size of the ingot made it necessary to 
employ a short gage length of 1.5 in. Mechanical 
properties obtained were hardness (Rockwell F), ulti- 
mate tensile strength, and per cent elongation. The 
test bars were solution heat-treated for 24 hr at 950 
+ 10 F in an air furnace, quenched in cold running 
water, and aged for 12 hr at 310 + 10 F in an air 
furnace. 

Discussion of Results 


A. Structures Obtained by Varying Pouring Temper- 
ature. The experimental procedure insured complete 
unidirectional solidification. No shrinkage pipe was 
formed; rather, as freezing proceeded from the bot- 
tom of the mold, the liquid level in the mold dropped 
uniformly and only a flat crown was left at the top 
of the ingot. The top 14-in. of each ingot contained 
large equiaxed crystals. It took from 4 to 6 min for 
the ingot to freeze, which allowed sufficient heat loss 
from the top of the ingot for the equiaxed grains to 
nucleate, even though a radiation shield of transite 
was placed over the mold after pouring. 

Three distinctly different macrostructures formed 
by varying the pouring temperature (Figs. 3, 4, and 
5). For about every 55 F (30 C) rise in temperature 
a different structure developed. In view of the rapid 
unidirectional solidification it was unusual to obtain 
fine equiaxed crystals in high purity alloy. Only at 
very low pouring temperatures where there are suf- 
ficient nuclei present was it possible to obtain fine 
equiaxed crystals. As.soon as the temperature was 
raised 30 to 50 F above the liquidus, columnar grains 
developed. 

A grain structure, partially or completely columnar, 
was produced at will under proper conditions of 
freezing. Columnar grains resulted from intermedi- 
ate pouring temperatures and rapid directional soli- 
dification. The initial chill of pouring the molten 
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Fig. 3—Ingot No. 17, pouring temperature, 1211 F (655 

C). The photograph shows the fine equiaxed structure 

obtained for this low pouring temperature. With slightly 

higher pouring temperatures columnar crystals are ob- 
tained. True size. 


Fig. 4—Ingot No. 18, pouring temperature, 1274 F (690 

C). The photograph shows the columnar structure ob- 

tained at this pouring temperature. At higher pouring 
temperatures twin grains arise. True size. 
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metal upon the copper base plate initiated fine, near- 
ly equiaxed grains as shown at the bottom of the 
ingot in Fig. 4. Those grains at the bottom of the 
ingot oriented with a [100] direction perpendicular 
to the chill surface are favorably oriented for further 
growth under the conditions imposed.5 Thus, the 
initial chill grains give way to favorably oriented 
grains which grow with a [100] direction as the long 
axis of the crystal. The columnar grains continue to 
grow as long as the heat gradient is maintained, and 
as long as no nucleation of crystals above them block 
further growth. 

The macrostructure of Fig. 5 is one of columnar 
and twinned grains. Recent literature contains some 
references to the formation of twins in semi-continu- 
ous cast ingots.*6 X-ray work® has determined the 
twin plane in semicontinuous cast commercial alum- 
inum to be a (111) plane with a [112] direction 
parallel to the direction of growth. X-ray measure- 
ments were made as a part of this study to confirm 
these findings. Twinned grains in cast aluminum 
alloys form by an accident of growth; minuteness of 
the twin nucleating crystal and a high degree of su- 
per-saturation (or undercooling) have been postulated 


Fig. 5—Ingot No. 15, pouring temperature, 1319 F (715 

C). Macro-etched surface (A) is a horizontal section at 

the top of the ingot, and (B) is a vertical section through 

the ingot. The pictures indicate that the twinned crystals 

grow preferentially to the columnar crystals, and may 

extend as flat plates clear across the diameter of the ingot. 
True size. 
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Fig. 6—A typical columnar zone showing the distribution 
of CuAl, along grain boundary lines. 75X. 


as necessary conditions for nucleation of growth 
twins.®.1011 This is covered in more detail in the 
Appendix. 

The twinned grains in the aluminum-4 per cent 
copper alloy take the form of thin, flat, parallel 
plates stacked together like pages in a book. They 
extend relatively long distances in two dimensions, 
but are quite thin in the third (perpendicular) direc- 





Fig. 8—(A) Twin formation in ingot 15. The eutectic 
deposits at an angle to the twin along 100 planes, form- 
ing a herringbone dendritic pattern. 125X. (B) An ideal- 
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Fig. 7—Well formed twin grains from ingot 16. The 
spherical spots are CuAl, phase apparently randomly de- 
posited throughout the groundmass. 75X. 


tion. The traces of the twinned grains show as 
bright and dark lines in Figs. 5A and 5B. Three dif- 
ferent groups of twins have nucleated in the ingot 
shown in Fig. 5, two groups of which grew almost 
perpendicular to each other. The two groups of 
twins growing almost perpendicular to each other is 
clearly in evidence in Fig. 5A. The twinned grains 


<— Trace of twin plane 
<— Eutectic material 

<- Grain boundary 

.— Dendrite 





ized drawing of twin formation, showing the mode of 
growth of the twin grains and the deposition of the eu- 
tectic phase. 











Fig. 9—Fracture zone of test bar 9 E. The slip lines and 

deformation bands indicate the amount of cold work. The 

bar necked down at fracture and gave elongation of 21 
per cent. 75X. 


Fig. 10—Photomicrograph of a region in back of the 

fracture area of Fig. 9. Porosity clearly is in evidence 

between two grains. Arrows indicate the direction of pull. 
50X. 
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nucleated 14 to Y4-in. from the chill surface, and 
fanned out until at the top they completely encorn- 
passed the diameter. One or more groups may be nu- 
cleated in an ingot. From Fig. 5 it is apparent that 
twinned grain growth was preferred to columnar 
growth under conditions imposed by the experiment. 
The twinned grains grew faster than the columnar 
grains and thus blocked further columnar growth. A 
possible mechanism for this will be considered later. 

Microstructures of the columnar aud twinned grains 
are illustrated in Figs. 6 and 7. The photomicrograph 
of Fig. 6 shows a typical columnar zone, and the dis- 
tribution of spherical CuAl, phase and eutectic. The 
gas porosity distributes itself along grain boundar- 
ies,3 and so will deposit along the grain boundary 
lines of the columnar grains; this will then cause the 
greatest effect on mechanical properties.in the direc- 
tion transverse to the columnar grains. 

The photomicrograph of Fig. 7 illustrates well 
formed twinned grains with an apparent random dis- 
tribution of CuAl, phase. More typical twin grain 
structures are shown in Figs. 8, 10, and 11. The latter 
photomicrographs, especially of Fig. 8, indicate how 
the eutectic structure is often deposited. The grain 
boundary in the twin grained structure is somewhat 
ragged; it might be surmised the deposition of hydro- 
gen gas along the grain boundary during solidifica- 
tion will have a greater effect on the strength proper- 
ties of a twinned structure than it would on a col- 
umnar structure. 

Before considering mechanical properties of the 





Fig. 11—Dendritic fracture of bar 26D. Arrows indicate 
direction of pull. Gas porosity deposited along grain 


boundaries initiate fracture and cause weakening of the 


structure. 50X. 
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different structures, it should be pointed out that al- 
loy additions or impurities markedly alter the tem 
perature limits at which equiaxed, columnar, and 
twinned grains are formed. For example, work done 
by Rosenthal? indicated that titanium additions raise 
the temperature limits at which columnar and 
twinned grains form to above the temperature at 
which titanium is no longer a grain refiner. As little 
as 0.01 per cent to | per cent calcium addition raises 
the temperature limit for twinning from about 1310 
F (710 C) for the high purity copper-aluminum alloy 
to about 1400 F (760 C) for the copper-aluminum al- 
loy containing a small amount of calcium. The cal- 
cium addition also improved and accelerated the ag- 
ing behavior of the alloy. 

B. Mechanical Properties of the Different Structures. 
The mechanical properties of the three different struc- 
tures obtained in the experiment described herein 
are given in Table 1. Optimum and consistent hard- 
ness values were not obtained, due to the erratic ag- 
ing behavior of the high purity aluminum-4 per cent 
copper alloy. Nevertheless, some strength and elonga- 
tion values compare favorably with maximum values 
for wrought aluminum-4 per cent copper alloy; me- 
chanical properties are approximately 53,000 psi ulti- 
mate tensile strength and 15 per cent elongation.!” 
Strength and elongation values of the end-quenched 
ingots are especially favorable considering that no 
special degassing techniques were used. 

Different structures exhibit different strengths, but 
only one structure gave nondirectional properties 
(Table 1, ingot 21). Ingot 21 contained all equiaxed 
crystals, and equal mechanical properties were ob- 


TABLE | 
(Typical mechanical properties for the different structures of 
high purity aluminum-4.5 per cent copper alloy are given. Ten- 
sile bars were taken in the axial and transverse directions for 
the equiaxed and columnar crystals and in three mutually per- 
pendicular directions for the twin grain ingots.) 





Ultimate Elon- 
Tensile ga- Rg 


Ingot Bar Strength, tion, Hard- 





No. Location psi % mess Fracture 
2lb) equiaxed 
transverse 31,000 1 85 Intergranular 
e) equiaxed 
axial 31,000 1 88 Intergranular 
9b) perpendicular 
to plates 25,500 3 83 Intergranular 
c) parallel to plates, 
perpendicular to 
columnar 28,000 5 85 Intergranular 
e) parallel to columnar 
and plates 46,500 21 86 Ductile 
19b) transverse to Ductile and 
columnar 36,400 16 85 intergranular 
e) parallel to 
columnar 45,600 28 86 Ductile 
26b) perpendicular 
to plates 29,600 8 84 Intergranular 
c) parallel to plates Ductile and 
(transverse) 34,400 18 84 intergranular 
e) parallel to plates 
(axial) 43,800 20 82 Ductile 
24b) transverse to Ductile and 
columnar 32,000 18 72 intergranular 
e) parallel to 
columnar 40,000 36 73 Ductile 
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tained in axial and transverse directions. Strength 
values from test bars were about as would be expected 
for a sand casting with comparable grain size. 

In sharp contrast, to the equiaxed structure are the 
mechanical properties of the columnar and twin crys- 
tal structures, which exhibit marked fiber behavior 
(ingots 9 and 24, Table 1). For example, the ultimate 
tensile strength of test bar 9b, taken with the axis of 
the test bar perpendicular to the twinned plate crys- 
tals, was only 25,500 psi, the elongation was about 3 
per cent, and the fracture was intergranular. 

Test bar 9e taken from the same ingot with the 
axis of the test bar parallel to the columnar and 
twinned plate crystals, exhibited a tensile strength of 
46,500 psi, elongation of 21 per cent, and a fully duc- 
tile fracture. Bars from ingot 24 also gave directional 
properties; ultimate tensile strengths varied from 
32,000 to 40,000 psi, and elongation from 18 to 36 
per cent. As evidenced by the high ductility and 
low hardness, ingot 24 was underaged as compared to 
ingot 9, and so had lower strength. 

Usually columnar structures exhibited less marked 
directional properties than twinned structures. Also, 
the columnar structures had slightly higher strength 
than the twin structures in both transverse and axial 
directions. Extensive microscopic examination of 
fractured test bars indicated why columnar grains 
gave slightly higher mechanical properties, and why 
both structures exhibited marked directionality. 

Those ingots containing a small calcium addition 
likewise demonstrated the tendency of columnar 
grains to exhibit better mechanical properties than 
twinned grains (Table 2). High strength and ductil- 
ity was found in both columnar and twinned struc- 
tures, with the columnar structure showing signifi- 
cantly better properties. The high strength and hard- 
ness values (especially of ingot 22) indicate calcium 
accelerates and improves the aging behavior as com- 
pared to high purity aluminum-copper alloy. 


TABLE 2 
(Mechanical properties of an aluminum-4.5 per cent copper 
alloy with a small calcium addition are given. Test bars were 
taken from columnar and twin grain ingots.) 





Ultimate Elon- 
Tensile ga- Rg 


Ingot Bar Strength, tion, Hard- 





No. Location psi % ness Fracture 
22b) transverse to 
columnar grains 44,800 16 89 Intergranular 
e) parallel to 
columnar grains 49,800 22 89 Ductile 
23b) perpendicular 
to twins 30,000 3 83 Intergranular 
c) perpendicular 
to twins 28,400 2 83 Intergranular 
e) parallel to twins 46,500 21 84 Ductile 





C. Types of Fractures. Fracture characteristics of 
all test bars are tabulated as ductile, intergranular, or 
partly both (Table 1). Fractures were designated as 
ductile when elongation was high, necking appreci- 
able, and no grain boundary cracks occurred. Bars 
that showed little ductility and had failures obviously 
along dendrite boundaries were designated as inter- 
granular. Some test specimens gave good elongation 
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values, but a multitude of grain boundary separa- 
tions along the gage length. Thus, measured elonga- 
tion was not a good indication of the ductility. These 
test bars were designated as intergranular and duc- 
tile. 

As a rule test bars containing twin or columnar 
grains, taken parallel to the axis of the ingot, ex- 
hibited greatest ductility. These test bars necked 
markedly prior to fracture, often having a reduction 
of area of 75 per cent. Elongation for these bars was 
from 20 to 35 per cent. A photomicrograph of the 
fracture zone of a test specimen containing a typical 
ductile fracture is given in Fig. 9 (specimen Qe). 

The ductile type fracture occurred in a zone con- 
taining both columnar and twinned crystals. The 
slip lines and deformation bands present indicate the 
large amount of plastic deformation that took place 
prior to fracture. The fracture was definitely not 
along grain boundaries but was transgranular. A re- 
gion of columnar grains slightly behind the fracture 
area of test bar 9e is shown in Fig. 10. The micro- 
graph clearly shows gas porosity between the grain 
boundaries of two columnar grains. Because of the 
favorable distribution of the gas porosity, strung out 
along the grain boundary in a direction parallel to 
the direction of tensile pull, test bar 9e exhibited 
good strength. 

It is obvious from Fig. 10 that the porosity would 
have a much greater effect on strength and ductility 
if the tensile pull were perpendicular to the axis of 
the columnar crystals. This is because the porosity 
strung out along the grain boundary as it is in Fig. 
10 would have a much greater effect in reducing the 





Fig. 12—Fissures opening along grain boundaries in a 
region in back of fracture area of Fig. 11. Arrows indicate 
direction of pull. 50X. 
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effective cross-section of the test section and would 
also act as a severe stress raiser, thus decreasing the 
strength and ductility. 

An intergranular or dendritic type fracture in a 
twin structure is shown in Fig. 11. Fissures opening 
along dendrite boundaries behind the fracture are: 
are illustrated in Fig. 12. Arrows in Figs. 11 and 12 
show the direction of pull with respect to the frac- 
tures. The twin grains of the test specimen of Figs. 
11 and 12 (bar 26b) were poorly oriented with respect 
to the direction of pull. Twinned grains are thin, 
flat crystals and gas porosity forms along the irregulai 
flat grain boundaries; this causes a relatively large re. 
duction of the effective cross section of the test bai 
and exerts a large effect as a stress concentrator, thus 
giving rise to the low strength and ductility of bai 
26b. 

Figures 1] and 12 indicate the twin planes, per se, 
do not cause the low ductility and strength values, 
for the twin planes may be plastically deformed (bent 
in Fig. 11) without showing any fissures in the twin 
planes. Rather, the deposition of the non-equilibrium 
eutectic structure, and gas porosity along dendrite 
boundaries during solidification give rise to the low 
mechanical properties of bars oriented unfavorably. 

The slightly inferior mechanical properties of 
twinned structures as compared to columnar is prob- 
ably due to the less regular structure of the twinned 
grains; gas porosity deposits in more ragged disposi- 
tion along grain boundaries and dendrite arms in 
this case. 





Fig. 13—-Fracture area of a typical, fine equiaxed grain 

structure. The fracture is intergranular, and fissures have 

opened along grain boundaries directly behind the frac- 
ture area. 50X. 
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In equiaxed grains gas porosity is not oriented at 
all. Thus, especially with large grained samples, the 
thin deposit of gas at the grain boundaries acts like a 
notch or stress concentrator and weakens the struc- 
ture equally in all directions. A typical fracture of 
an equiaxed structure is presented in the photomicro- 
graph of Fig. 13. Fissures have been opened along 
grain boundaries and the intergranular fracture is 
evident in Fig. 13. 

D. Effect of Crystallographic Orientations. The 
structures of the columnar and twin grain ingots are 
oriented crystallographically. Columnar grains are 
oriented with a [100] direction parallel to the axis of 
the crystal;> twin grains are oriented with the (111) 
plane as the twin plane and a [112] direction con- 
tained in the twin plane parallel to the heat gradi- 
ent.6 Thus, one would expect directionality of me- 
chanical properties from a crystallographic point of 
view. Northcott® obtained oriented, columnar 
grained structures in cast copper and solid solution 
copper alloys. Copper alloys used by Northcott were 
less susceptible to gas porosity than aluminum alloys. 

The mechanical properties of the cast copper alloy 
ingots were dependent upon crystallographic orienta- 
tion only, and not upon a fiber structure resulting 
from gas. The oriented copper alloy structure gave 
differences in strength in the transverse and axial 
directions, but opposite to the differences obtained 
for the aluminum-copper ingots. Some of the con- 
clusions of Northcott were: 1) equiaxed copper alloy 
crystals exhibited the highest strength, columnar crys- 
tals oriented perpendicular to the direction of pull 
gave intermediate strength, columnar crystals axial to 
the direction of pull gave the lowest strength; 2) 
columnar crystals oriented axially gave highest elon- 
gation, transverse columnar crystals were intermedi- 
ate, and equiaxed crystals exhibited lowest per cent 
elongation. 

From crystallographic considerations only, one 
would expect the aluminum-copper ingots to exhibit 
the same relative directional properties as the copper 
alloy ingots, (Both copper and aluminum are face- 
centered cubic metals.) Gas porosity offsets the ef- 
fect of crystallographic orientation in the aluminum- 
copper alloy ingots, and the mechanical properties of 
the aluminum alloy test bars are mainly dependent 
upon distribution of porosity. 

Conclusions 


General conclusions from the work herein de- 
scribed are: 

1. In high purity aluminum-4 per cent copper al- 
loy, mechanical properties were obtained in cast 
structures approaching properties comparably tested 
in wrought material. 

2. The reason for relatively low mechanical prop- 
erties in cast aluminum-copper alloy is segregation 
of porosity at grain boundaries and between dendrite 
arms. 

3. Three distinctly different macrostructures were 
obtained by unidirectional rapid cooling. When the 
only variable was pouring temperature, at 1211 F 
(655 C) drastically end-quenched ingots were equi- 
axed, at 63 F (35 C) higher temperature, i.e., at 1274 
F (690 C), the macrostructure was columnar, and at 
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45 F (25 C) higher temperature, i.e., at 1319 F (715 
C), twinned grains developed in profusion. These 
structures were reproducible. 

4. A fiber type structure in the cast material, re- 
sulting from regimented porosity, gave directional 
properties similar to the familiar conditions in 
wrought material; that is, mechanical properties were 
relatively low in a direction perpendicular to the 
axis of columnar or twin growth, and high in a paral- 
lel direction. Equiaxed structures gave lower me- 
chanical properties than either twinned or columnar 
types; this is contrary to the findings of Northcott for 
alloys of copper where preferred crystallographic 
orientation gave lower mechanical properties than 
equiaxed structures. The difference is that regimented 
gas porosity in the aluminum alloy overshadowed 
crystallographic orientation in its effect on strength 
properties. 

5. The casting technique described herein for uni- 
directional heat flow from a freezing casting is a 
promising tool for studying solidification phenomena. 

6. Alloying elements and impurities raise the tem- 
perature limits at which equiaxed, columnar, and 
twinned crystals arise. Alloying elements probably 
have a greater effect in shifting the temperature lim- 
its upward than in spreading the temperature incre- 
ments apart. 

7. A note is included on the mechanism of forma- 
tion of twinned structures in cast aluminum-copper 
alloy and experimental evidence given in support of 
the theory. 
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APPENDIX 


Interpretation of the Mode of Growth of the 
Twin Structure 


Some conditions for twin growth in mineral sys- 
tems are supersaturated solution, minuteness of crys- 
tal, and rapid growth. The conditions for the forma- 
tion of growth twins in aluminum and aluminum al- 
loys are apparently the same as for the formation of 
growth twins in mineral crystals. According to Buer- 
ger,!° supersaturation of solution is one of the factors 
ior formation of growth twins in mineral systems. 

It is quite likely that supersaturation is also a re- 
quirement for the development of twins in aluminum 
alloys. Some evidence exists supporting this hypo- 
thesis. For example, twin growth does not occur in 
alloys containing titanium unless the alloy has been 
superheated above the temperature at which titanium 
is no longer a grain refiner,’ called the “coarsening” 
temperature. The work of Cibula* has shown that 
when aluminum alloys containing titanium are 
heated to a temperature below the “coarsening” tem- 
perature, they exhibit no undercooling during solidi- 











fication, but when heated above the “coarsening” 
temperature undercooling occurs on solidification. 

Cibula also determined that high purity aluminum- 
copper alloys exhibit undercooling on solidification 
without the necessity of superheating. Since super- 
saturation is a consequence of undercooling, it be- 
comes apparent that a condition for twinning in 
aluminum alloys has been met. Buerger proposes that 
the obvious time for emanation of growth twins is 
just before, or at the start of nucleation of a large 
number of crystals, when supersaturation is highest. 

This condition is met in aluminum since groups 
of twinned crystals in the aluminum alloy ingots al- 
ways nucleated very near the chill surface. There- 
fore, nucleation of these twins has taken place when 
the supersaturation is likely to be high and in a zone 
of very fine grain size. A twinned crystal has a higher 
energy than a columnar crystal, and is subject to dis- 
solution unless conditions of rapid growth are main- 
tained.!° Conditions of the experiment established 
a high heat gradient, thus maintaining rapid growth. 
A consideration of these facts leads one to the con- 
clusion that the analogy of twin growth in mineral 
crystals to that in aluminum alloy is valid. 

Aminoff and Brome! in a study of twinning in 
mineral crystals, stated that growth twins originate as 
an accident of growth and continue to grow by metal 
atoms depositing along the defect, building up a twin 
in further layers (on an atomic basis). They state 
the defect may be repeated, allowing further develop- 
ment of twin growth. 

The aluminum twinned crystals must also emerge 
as an accident of growth (on an atomic basis), but 
since conditions necessary for nucleation can be main- 
tained from experiment to experiment, twinned crys- 
tals arise as a reproducible accident of growth. Fur- 
thermore, once in being, they continue to exist when 
conditions are proper. Chalmers!* has established 
that crystal faces having the highest melting point 
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Fig. 14—A view of a group of 
twinned crystals in an ingot. At 
the right side of the group of 
twinned crystals, some _ crystals 
show an abrupt change in direc- 
tion of growth. The change in di- 
rection of growth is probably due 
to strains arising during solidifica- 
tion, causing a fracture or defor- 
mation of the crystals. 3X. 


will grow in advance of others. The nature of growth 
of twins permit twinned grains to extend further into 
the melt than columnar grains, and to suppress their 
less favorably oriented neighbors; metal atoms deposit 
on the sides of these extensions in a twinned relation, 
and form more pages to the book of twinned crystals. 

One other mechanism exists for the twin to fan out 
from the nucleus to eventually encompass the entire 
diameter of the ingot. Strains may arise during con- 
traction of the solid portion of the ingot causing a 
thin flat twinned grain to be bent or broken; and con- 
sequently the bent crystal continues to grow at an 
angle to its previous direction of growth. Figure 14 
illustrates this type of process, since it shows twinned 
grains emanating at an angle to the main group of 
twinned crystals. 

An example of the dendrite formation of the 
twinned structure is given in Fig. 8, allowing an inter- 
pretation of the mode of formation of the twin, An 
idealized drawing of Fig. 8A is given in Fig. 8B. The 
photomicrograph and idealized drawing show the 
traces of the twin planes, dendrite arms extending at 
an angle to the traces of the twin planes, and the 
eutectic material deposited between the dendrite arms 
also at an angle to the trace of the twin planes. 

According to Chaudron® the eutectic material de- 
posits on the [100] planes of the twinned crystal at 
an angle to the twin plane. Since the eutectic depos- 
its on the [100] planes, the dendrite arms in a twinned 
crystal must still be growing in the [100] direc- 
tion, but at an angle to the direction of heat flow. A 
dendrite lattice on one side of the twin plane devel- 
ops, related by mirror symmetry to the lattice on the 
other side, and is made up of small dendrite arms 
projecting into the melt along [100] directions. 

The dendrite network is quite thin, but may extend 
horizontally and vertically completely across the diam- 
eter of the ingot, as the twinned grains do. This 
means a twinned crystal grows, not by the twin plane 
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itself projecting into the melt, but by the dendrite 
arms extending into the melt, and the twin plane is 
a consequence of the mirror symmetry of the dendrite 
lattices. This is an extraordinary mode of dendritic 
growth, quite unlike the dendritic growth of a colum- 
nar grain which grows by an extension of the main 
stem of the dendrite in a [100] direction which is 
essentially parallel to the direction of heat flow. 
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G. L. Satu:' Is this phenomenon ever seen in sand castings? 

Mr. WALTHER: Yes, it can happen. It is possible for columnar 
structures to form in sand castings if conditions are right. 

P. D. Frostr:2 About ten years ago, I observed a similar 
twinned-dendrite structure in a number of arc welds in thin 
sheets of 24S alloy (See Fig. A). The formation of the twins 
was attributed to the extremely rapid solidification. I should 
be interested in hearing your explanation of the mechanism by 
which the twinned dendrites you have shown were formed. 

Mr. WALTHER: Pouring temperature, cooling rate and compo- 
sition all determine possibility of reproducing columnar twin 
grain structure growth. 

Co-CHAIRMAN LAVELLE: 
give high physical properties? 

Mr. WALTHER: No. 


Does fine grain structure necessarily 


1 George Sall Metals Co., Inc., Philadelphia. 
? Battelle Memorial Institute, Columbus, Ohio. 











EFFECTS OF MAGNESIUM ON EUTECTIC MODIFICATION AND 
GRAPHITIZATION OF CERTAIN FE-C ALLOYS 


H. W. Weart* 


The effect of magnesium as an alloying element in 
cast irons has been the subject of considerable interest 
since the advent of nodular cast irons. The action 
of magnesium in causing the graphite in gray iron to 
precipitate as spheroids rather than flakes has been 
the subject of much research. A number of theories 
for explaining this effect of magnesium have been 
advanced. Considerable data have been accumulated 
covering the gross effects of adding magnesium to 
cast iron, but the basic mechanism by which magne- 
sium exerts its influence has not become apparent. 
Results of research which throw some light on the 
important role of magnesium in solidification and 
graphitization in iron-carbon alloys are presented in 
this paper. 

Experimental Procedure 


In order to avoid the complicating effects of sili- 
con, manganese, phosphorus, sulphur, and other ele- 
ments present in commercial cast irons, it was de- 
cided to work with iron-carbon-magnesium alloys. 
The problem of preparing suitable Fe-C-Mg alloys 
arises immediately. Alloying iron and carbon with 
magnesium is difficult because the boiling point of 
magnesium, 2030 F, is lower than the lowest melting 
eutectic iron-carbon alloy, 2066 F. It may be for this 
reason that other investigators have stated that mag- 
nesium has a negligible solubility in iron.1_ A number 
of alloying procedures were tried in the hope of 
producing an iron-carbon alloy of highest possible 
magnesium content. The methods employed were the 
following: 

1. Addition of pure chunk magnesium to the mol- 
ten iron-carbon alloy. The maximum magnesium con- 
tent achieved by this method was 0.026 per cent in a 
3.89 per cent carbon-iron alloy (Heat 16, Table 1). 
The effect of metal temperature at the time of the 
addition was found to be insignificant since little 
difference in recovery was noted over the temperature 
range of 2310 to 3090 F. 

2. Reduction of magnesium from the slag into the 
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iron. Slag covers of magnesium salts such as MgCl., 
MgF., and mixtures with BaCl, were used for the 
purpose. A maximum magnesium content of 0.040 
per cent in a 4.50 per cent carbon-iron alloy was ob- 
tained by the method. 

3. Addition of powdered metal compacts to the 
molten iron-carbon alloys. Compacts of 100 mesh ma- 
terial containing 7.10 per cent Mg, the balance iron- 
carbon alloy (3.50 per cent carbon-iron alloy) were 
made under 80,000 psi pressure. The compact was 
added to the molten iron in the form of chunks that 
were forcibly submerged in the melt. This method 
yielded an alloy containing a maximum of 0.125 per 
cent Mg in a 4.22 per cent carbon-iron alloy. In view 
of the alloying difficulties this was thought to be a 
sufficient magnesium percentage to carry out the de- 
sired studies. 

Procedures for preparing the alloys consisted of in- 
duction melting ingot iron in a magnesia or graphite 
crucible and raising its carbon content by the addi- 
tion of powdered electrode graphite. Alloying with 
magnesium was performed after the iron-carbon alloy 
was prepared. By this means, the alloys in Table I 
were obtained. The molten iron-carbon-magnesium 
alloy was poured into core sand molds of two types, 


TABLE 1—ANALYsIS OF FE-C-MG ALLoys 





Method of 








Heat No. Magnesium Addition % % 
2 Chunk 2.92 nil 
3 Chunk 2.94 trace 
16 Chunk 3.89 0.026 
17 Chunk 3.89 0.006 
19 MgCl, Slag 4.34 0 
20 MgCl, Slag 4.37 0 
21 MegCl,-BaCl, Slag 3.43 0.015 
22 Sintered Compact 4.25 0.100 
24 Unsintered Compact 4.28 0.013 
25 Unsintered Compact 4.10 0.030 
26 Unsintered Compact 4.22 0.125 
27 MegF, Slag 4.50 0.040 
39 Unsintered Compact 4.32 — 
40 Unsintered Compact 4.22 —* 
45 Unsintered Compact 4.51 a 
Nore: Analysis for magnesium was performed using the wet 


gravimetric method described in reference 2. 
* Magnesium Analysis not performed. 
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150X 


Fig. 1— Heat No. 
20 as-cast; 4.37 per 
cent carbon, 0.0 per 
cent magnesium. 
Etched, 2 per cent 
nital. The structure 
is the characteristic 
ledeburite eutectic 
of iron-carbon alloys. 


250X 





one being a round bar 1%4¢-in. in diameter by 3 in. 
long, and the other being a triangular cross-sectioned 
bar 3 in. long with one edge of the triangle being 
154,-in. These test bars were employed for the stud- 
ies of as-cast microstructure and for graphitization by 
heat treatment. 

As-Cast Microstructure 


Since the alloys contained no silicon, they were 
white irons and their microstructure should be that 
anticipated from the Fe-C equilibrium diagram ex- 
cept where magnesium might exert an alloying in- 
fluence. The microstructure of an iron-carbon alloy 
which is close to eutectic carbon content is shown in 
Fig. 1. The ledeburite eutectic occurs at 4.30 per 
cent C in the iron-carbon system, and its structure 
formed during solidification is well illustrated in 
Fig. 1. The eutectic consists of iron carbide and 
austenite precipitated in finely divided form during 
solidification. Upon cooling the austenite present 
transforms to pearlite and the final structure appears 
as in Fig. 1. 

Magnesium was found to exert a profound effect 
on the appearance of the as-cast microstructure. The 
ledeburite eutectic was observed to change in dis- 
tribution and fineness of the carbide phase as shown 
in Fig. 2 through 4. Increasing percentage of mag- 
nesium in the alloy caused the carbide and austenite 
in the eutectic to become much coarser and more 
segregated. The carbide phase showed a distinct ten- 
dency to agglomerate and be separated from the aus- 


Fig. 2— Heat No. 
25 as-cast; 4.10 per 
cent carbon, 0.30 
per cent magnesi- 
um. Etched, 2 per 
cent nital. 150X. 
Note coarsening of 
carbide and separa- 
tion of carbide and 
austenite as com- 
pared with Fig. 1. 


Fig. 3— Heat No. 
22 as-cast; 4.25 per 
cent carbon, 0.10 
per cent magnesi- 
um. Etched, 2 per 
cent nital. 150X. 
Compare with Figs. 
1 and 2. 


Fig. 4— Heat No. 
26 as-cast; 4.22 per 
cent carbon, 0.125 
per cent magnesi- 
um. Etched, 2 per 
cent nital. 150X. 
Note massive car- 
bides and unusual 
distribution of aus- 
tenite (pearlite) 
and carbide. 


Fig. 5— Heat No. 
43 as-cast; 4.51 per 
cent carbon. Etched, 
2 per cent nital. 150 
X. Note modifica- 
tion of the eutectic 
structure and graph- 
ite spheroid. Com- 
pare with Figs. 1 to 
4. 
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EuTECTIC MODIFICATION AND GRAPHITIZATION OF CERTAIN FE-C ALLoys 


Fig. 6— Heat No. 
24 graphitized in 
the solid state; 4.28 
per cent carbon, 
0.013 per cent mag- 
nesium. Unetched. 
150X. Note flake- 
like graphite and 
rough graphite-fer- 
rite interface. 


Fig. 7—Heat No. 
25 graphitized in 
the solid state; 4.10 
per cent carbon, 
0.03 per cent mag- 
nesium. Unetched. 
150X. Note begin- 
ning of compaction 
of graphite and 
presence of some 
spheroids. Compare 
with Fig. 6. 


Fig. 8—Heat No. 
22 graphitized in 
the solid state; 4.25 
per cent carbon, 
0.10 per cent mag- 
nesium. Unetched. 
150X. Much of the 
graphite present as 
spheroids’ with 
smooth graphite- 
ferrite interface. 
Compare with Figs. 
6 and 7. 


Fig. 9—Commercial 
spheroidal graphite 
iron; composition, 
per cent, 3.62 C, 
2.65 Si, 0.018 S, 
0.08 P, 0.31 Mn, 
0.061 Mg. Chilled 
portion of as-cast 
0.50-in. diameter 
round bar. Etched, 
2 per cent nital—5 
per cent picral (2- 
1). 150X. Note 
massive carbides. 
Compare with Figs. 
1 to 4. 


tenite rather than occurring in finely divided form 
intermingled with the austenite. The change in the 
eutectic with increasing percentage of magnesium be- 
gins at contents as low as 0.013 per cent magnesium 
(Heat 24). Figure 2 shows the appearance of the 
eutectic with 0.030 per cent magnesium present (Heat 
25). Note the coarsening of the microstructure evi- 
dent in Fig. 2 as compared with Fig. 1. The most pro- 
nounced effects were obtained in the alloys containing 
0.10 and 0.125 per cent magnesium as illustrated in 
Figs. 3 and 4. Comparison of Figs. | through 4 shows 
the marked change in fineness of the carbide phase 
which results in alloys of increasing magnesium con- 
tent. Carbon content of these alloys is not a factor in 
the comparison since they are all at similar carbon 
levels. —The maximum separation of carbide and aus- 
tenite occurred in the 0.10 per cent Mg, 4.25 per cent 
C alloy (Fig. 3, Heat 22). A higher magnesium con- 
tent alloy (0.125 per cent magnesium Heat 26) also 
showed marked segregation of carbide, but not to the 
same extent as in Heat 22. It may be that a partial 
reversal of the eutectic modification occurs at the 
highest magnesium contents. 

The present data show that the solidification pro- 
cess of the iron-carbon eutectic is greatly modified by 
the presence of magnesium. Modification of eutectic 
freezing in binary alloy systems by very small percent- 
ages of certain elements is a well-known phenomenon. 
For example, the Al-Si eutectic may be modified by 
the addition of a small percentage of sodium to the 
molten alloy.* Thus, the influence of magnesium of 
modifying the iron-carbon eutectic appears to be an 
extension of the general metallurgical principle of 
binary eutectic modification caused by small percent- 
ages of certain elements. 


Graphitization 


Graphitization during solidification of the iron- 
carbon-magnesium alloys was not observed except in 
a hyper-eutectic alloy (Heat 43) containing 4.51 per 
cent carbon. The structure of this alloy is shown in 
Fig. 5. Eutectic modification is also evident in the 
microstructure shown in Fig. 5. Since no silicon was 
present in these alloys, graphitization during solidifi- 
cation was not expected. However, it was thought 
that heat treatments simulating malleabilizing treat- 
ment would cause graphitization to proceed in the 
solid state. Therefore, a series of samples were sealed 
in a gas-tight container to prevent scaling and were 
given a graphitizing heat treatment. The treatment 
consisted of heating to 1700 F in 2 hr, holding at 1700 
F for 60 hr, cooling to 1325 F and holding for 40 hr, 
holding at 1300 F for 20 hr, and then furnace cooling 
to room temperature. The heat-treated samples were 
then examined metallographically. The samples con- 
taining magnesium were found to be completely 
graphitized, including all alloys from 0.013 per cent 
to 0.125 per cent magnesium. No carbides of any 
kind remained in the microstructure after the heat 
treatment. Only ferrite and graphite existed. How- 
ever, in samples containing no magnesium, graphitiza- 
tion did not occur or even begin. 

The nature of the graphite produced by heat treat- 
ment is shown in Figs. 6, 7, and 8. With increasing 
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percentage of magnesium the shape of the graphite 
spheroids is observed to change. At low magnesium 
content (0.013 per cent, Heat 24) the graphite spher- 
oids have a loose flake-like appearance, as illustrated 
in Fig. 6. With increasing magnesium content (0.03 
per cent magnesium, Heat 25; and 0.10 per cent mag- 
nesium, Heat 22) the graphite spheroids become more 
compact and, in fact, carbon spheroids were devel- 
oped (Figs. 7 and 8). Thus, it is seen that the shape 
of the graphite particles developed by heat treating 
in the solid state may vary from flake-like groupings 
to compact spheroidal shaped particles as the mag- 
nesium content of the alloys increases in the range of 
0.01 to 0.10 per cent magnesium. This effect appears 
to have some use in the malleable iron field where 
an agent which would cause the most compact spher- 
oids to develop during malleabilizing heat treatment 
should serve a useful purpose in obtaining the best 
properties from the iron. It is also evident that the 
shape of the graphite spheroid in irons may be varied 
in the solid state as much as in the liquid state by the 
presence of appropriate elements. 

The changes in graphite type appear to occur over 
the same magnesium content range (0.01-0.10 per 
cent), which causes modification of the eutectic. This 
effect also seems to exist to a degree in commercial 
spheroidal graphite irons. The microstructure of iron 
which froze largely white in a 0.50-in. diameter sec- 
tion is shown in Fig. 9. Here, the absence of eutectic 
areas and the pronounced segregation of carbides 
seems to be similar to that obtained in the pure iron- 
carbon magnesium alloys. Modification of the eutectic 
and formation of spheroidal carbon thus seem to 
carry over into the commercial alloys. 


Conclusion 


[he aim of this paper has been to show alloying 
effects of magnesium on the iron-carbon eutectic and 
the nature of graphitization in these alloys. Of 
course, much remains to be done but certain prin- 
ciples seem to be established, Conclusions which may 
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be stated at this point include the following: 

1. Magnesium acts on the solidifying ledeburite 
eutectic causing a. coarser distribution of the austen- 
ite and carbide. This “agglomerating” action in- 
creases with increasing magnesium percentage. 

2. The presence of silicon, manganese, phosphorus, 
sulphur, and other elements found in commercial 
spheroidal graphite iron is not essential to changing 
the freezing mechanism of the eutectic or in altering 
the shape of the graphite developed. 

3. The graphite obtained by heat treatment of 
samples containing the lowest magnesium percentages 
is very irregularly shaped, not compact, has a rough 
interface with the ferrite matrix, and appears den- 
dritically distributed. As the magnesium percentage 
increases, the graphite obtained by heat treatment 
becomes more nearly spherical in shape, more com- 
pact, less dendritically distributed, and has a smooth 
interface with the ferrite. 

4. It is possible to produce spheroids of graphite 
in the solid state by heat treatment of an iron-carbon- 
magnesium alloy of suitable composition. Spheroids 
may also be produced in the as-cast condition pro- 
vided the carbon content, magnesium content, and 
cooling rate are of suitable magnitude. 


Acknowledgments 


The authors gratefully acknowledge the financial 
support of the Wisconsin Alumni Research Founda- 
tion which sponsored this study; and the assistance of 
associates in the Department of Mining and Metal- 
lurgy, University of Wisconsin. 


Bibliography 
1. M. Hansen, Der Aufbau der Zweistofflegierungen, J. 
Springer, Berlin, 1936, p. 675. 
2. J. S. Yarne and W. B. Sobers, “Magnesium Determination 
in Nodular lron—Sampling and Analysis Methods,” AMERICAN 
FouNDRYMAN, vol. 17, no. 6, June, 1950, pp. 33-35. 





3. Physical Meiallurgy of Aluminum Alloys, ASM, 1949, pp. 
135-136. 








PRELIMINARY SURVEY OF SOME METALLURGICAL 


BASES FOR A TITANIUM CASTINGS 


By 


INDUSTRY 


R. F. Malone,* H. T. Clark,* S. V. Arnold** and W. L. Finlay* 


ABSTRACT 

Employing the previously-developed principle of “skull” melt- 
ing for the contamination-free casting of titanium, an investi- 
gation was made of several key metallurgical considerations 
which appeared to be of controlling importance in the future 
of titanium castings. These were: did a non-contaminating 
mold material exist; could contamination-free and chemically 
homogeneous titanium alloy castings be made by a procedure 
offering the possibility of large scale-up; could non-porous, good- 
surfaced, accurately-dimensioned titanium castings be made; 
and, finally, would titanium castings have the promising me- 
chanical properties of their wrought counterparts? Affirmative 
answers were obtained to each question. Accordingly it was 
concluded that, although commercial shaped titanium castings 
were at least several years away, a sound metallurgical basis 
existed on which a titanium castings industry could be built. 


Introduction 

The scope of this paper is a survey of the chem- 
istry, structural soundness and mechanical properties 
of some right cylindrical castings of titanium and two 
of its alloys. The purpose of the survey was to secure 
some indication whether a good metallurgical basis 
for a future titanium casting industry existed. 

Formidable equipment and economic barriers block 
the genesis and growth of such an industry. On these 
grounds, alone, commercial titanium shaped castings 
now appear to be at least several years distant. Be- 
fore mounting an attack on the equipment and econ- 
omic problems, therefore, it is pertinent to inquire 
into the metallurgical characteristics of titanium cast- 
ings to determine whether they merit the additional 
extensive effort and expenditure needed to investi- 
gate these and other important aspects. 

The foregoing introductory paragraphs indicate 
the embryonic status of the titanium casting art at 
the present time. When this project was started under 
Contract No. DA-19-059-ORD-188, no shaped titanium 
casting had ever been made. Hence the elementary 
considerations discussed in this paper were and still 
are quite pertinent. 


Basic Problem 


The casting of shapes which could be used without 
further fabrication was a major means whereby most 


* Rem-Cru Titanium, Inc., Midland, Pa. 
** Watertown Arsenal Laboratory, Watertown, Mass. 
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metals made their first useful contribution to man. 
As in so many other instances, however, titanium is 
proving to be the exception. The reason, of course, 
is now very familiar. It is the fact that molten titan- 
ium cannot be melted without embrittling contamina- 
tion in any crucible except one made of itself. 

Since the casting of shapes requires that there be a 
molten mass of metal at least equal in volume to that 
of the cast shape and its sprues, gates and risers, the 
lack of any non-contaminating container for large 
quantities of molten titanium metal has been a seri- 
ous deterrent to the development of the titanium 
casting field. Aggravating this basically difficult situ- 
ation is the fact that all atmospheres embrittle titan- 
ium except the noble gases, and, of the latter, only 
helium and argon are commercially available. 

Thus the great reactivity of titanium imposes some 
severe limitations on the titanium foundryman. To 
achieve strong, tough castings he must melt and cast 
in a closed system that rigorously excludes air, mois- 
ture, CO, CO, and, in fact, all but the noble gases; 
moreover he must not allow the molten metal to con- 
tact even the most stable refractories during melting. 
Indeed, such contact must be limited to the brief 
moment during pouring and prior to external solidi- 
fication of the casting. 

A promising solution to the major problem of de- 
vising equipment to melt and pour relatively large 
volumes of contamination-free titanium and titanium- 
base alloys has been experimentally worked out by 
Vordahl and Darby.! 

This procedure is termed “skull” melting. It in- 
volves melting the center of the metal charge while 
always maintaining a relatively thick layer, or skull, 
of unmelted metal between the melt and the crucible. 
Contamination from the latter is thereby avoided. 
The thermal stirring inherent in this practice assures 
a chemically homogeneous melt all of which can be 
poured at one time. 

These features differ from the cold-mold, arc-melt- 
ing method of casting titanium wherein close con- 
trol is necessary to maintain ingot homogeneity and 
wherein only the uppermost portion of the built-up 
ingot is molten at any one time. 

Most of our castings to date have been in the 2 to 
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25-lb range, but we have cast up to 130 lb of titan- 
ium alloy from a skull furnace. Moreover, we believe 
the skull principle can probably be scaled up to any 
desired size. 

Objectives 


Using a skull furnace of nominal 25-Ilb capacity and 
three representative titanium-base materials, the fol- 
lowing key considerations in the future of titanium 
castings were investigated: 

1. Mold Material. What mold material would not 
contaminate the titanium castings? 

2. Chemistry. Could chemically homogeneous and 
contamination-free titanium alloy castings be made 
by a procedure which offered the possibility of mak- 
ing large castings? 

3. Structural Soundness. Could non-porous, good- 
surfaced, accurately-dimension titanium castings be 
made? 

4. Mechanical Properties. Based on its properties in 
the wrought condition, titanium had been nominated 
the Middleweight Champion of the Structural Met- 
als. Would this championship caliber carry over to 
the cast condition? 


Experimental Details 


Types of Titanium-Base Materials Evaluated—The 
pattern of titanium-base compositions which has 
found general acceptance to date has been based en- 
tirely on the properties of those compositions in the 
wrought condition. 

As in the case of other metals, however, it is to be 
expected that the optimum cast compositions will be 
different from the optimum wrought compositions, 
since freezing segregation, fluidity, shrinkage and 
other important factors involved in good castability 
are, with the exception of non-correctable freezing 
segregation, of little consequence in wrought com- 
positions. 

But, since this was a pioneering investigation, there 
were available no guideposts in the form of as-cast or 
as-cast and heat-treated properties of any titanium- 
base alloys. With no points of departure indicated, we 
selected the materials to be investigated on the basis 
of their crystal structures. 

The Three Basic Titanium Alloy Types—The concept 
that all titanium-base materials fall into one of three 
broad crystal structure classifications is now a familiar 
one.?-3 It therefore requires only brief mention here. 

The three types of titanium-base materials and their 
general characteristics are: 

A—Alpha (hexagonal-close-packed) crystal struc- 
ture which possesses good all around performance 
notably good weldability, excellent combinations of 
strength and toughness at both low and high temper- 
atures and good oxidation resistance. Aluminum is 
often a constituent of all-alpha compositions* and its 
presence imparts both lower density and lower cost 
to the alloy. To a minor degree, it tends to inerease 
the elastic modulus also. 

B — Beta (body-centered-cubic) crystal structure 
which is outstanding for excellent combinations of 
strength and ductility. However, beta alloys are vul- 
nerable to contamination, their weldability has not 
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been established and they are big consumers of stra- 
tegic, high-density, alloying elements. 

C—Combined Alpha and Beta which gives compro- 
mise performance between all-alpha and all-beta al- 
loys. Unlike all-alpha and all-beta alloys, the com- 
bined alpha-beta compositions usually show marked 
heat treatment responses. This is advantageous when 
attempting to attain high strengths but is disadvan- 
tageous in many other situations, as for example in 
welding, where heat treatment response is probably 
one of the major explanations for the generally brit- 
tle welds obtained with combined alpha-beta alloys. 
On the other hand, these alloys are in general the 
easiest to manufacture in various mill product forms 
and this is doubtless one of the major reasons why 
they constitute the only titanium alloy type which 
has yet been commercialized. 

For this pioneering investigation, it was decided to 
employ the following three materials for the reasons 
given below: 

1, Unalloyed titanium. Determination of the cast- 
ability and as-cast mechanical properties of unalloyed 
titanium were considered necessary for a base line 
against which to compare the properties of titanium- 
base alloys. 

2. An all-alpha alloy, Ti-7Al. The good strength, 
toughness and weld ductility of all-alpha composi- 
tions indicate outstanding promise and for this reason 
a simple, binary all-alpha was included as the first 
all-alpha to be tested as a casting. 

3. An alpha-strengthened, alpha-beta alloy, Ti-4 Al- 
4Mn. In its simplest form, alpha-beta alloys have the 
alloying elements concentrated chiefly in the beta 
phase and accordingly the latter is appreciably 
stronger than the alpha constituent. The titanium- 
base forging alloy which has achieved the greatest 
tonnage use to date is RC-130-B, nominally Ti-4Al- 
4Mn. In this composition, the aluminum concen- 
trates in the alpha and the manganese in the beta so 
that both are strengthened and the result is a well- 
balanced forging alloy. Because of the relatively large 
background of experience in the wrought field with 
this composition it was considered desirable to in- 
clude it in the preliminary survey of as-cast titanium 
properties. 

Mold Materials 

Molten titanium is so reactive that even the mo- 
mentary contact prior to solidification in a mold 
suffices for chemical attack on many refractories. To 
separate promising from unpromising mold refractor- 
ies, a simple test was devised in which a small skull 
furnace delivered 1 to 2 oz of molten titanium into 
refractory crucibles of less than | cu in. capacity. If a 
refractory material failed in the 2-0z test, it is be- 
lieved that it would certainly fail with larger melts 
and correspondingly longer molten contact. On the 
other hand, if a refractory material functioned satis- 
factorily in the 2-oz test, this was taken as an indica- 
tion only of possible future success. 

Among the criteria of success which were applied 
to this survey were the following: 

1. Hardness of the cast material. A relatively soft 
sponge lot with an average Vickers hardness of 150 
in the as-cast condition was employed. Titanium of 
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Fig. 1—Unalloyed titanium ingot cast into graphite mold 
shown before and after sectioning for a hardness survey. 
Mold was at room temperature, 1 atm pressure argon. 


this high purity is sensitive to small amounts of con- 
tamination, such as might be picked up by a slight 
amount of reaction with refractory material. Thus 
any hardness in the cast ingot averaging above 150 
VHN would be indicative of reaction with the re- 
fractory. ' 

2. Meniscus shape. Wetting of the refractory by 
molten titanium is probably an invariable prelude 
to reaction. Since a convex meniscus indicates non- 
wetting, the shape of the meniscus is indicative of 
the tendency towards reaction between the melt and 
the refractory material. If gases evolve during solidi- 
fication after the top surface has frozen, the center of 
an otherwise concave meniscus may “cupcake” into 
a convex shape. Hence attention must be directed 
to the meniscus angle right at the container wall. 

3. Condition of the mold after the casting had been 
removed. Any erosion, reaction product, loss of 
strength or other indication of reaction was con- 
sidered to disqualify a candidate refractory material. 


RESULTS OF SURVEY 





Mold R,* Wetability Reaction Notes 
Graphite 41-43 None None Excellent 
Carbon 42-45 None None Good 
Alundum 80-85 Yes Yes Brittle, gassy, mold 


cracks easily, vig- 
orous reaction. 


MgO $5-60 Some Same as alundum 
Thorium 50 
Oxide 55 Some Some Fair to good—no 


mechanical 
strength 

BeO 70-75 Some Some Some mold erosion— 
ingot appreciably 
harder than 
sponge but not 
readily friable 


Zirconia 75-80 Yes Yes Brittle—reaction 
with mold approx- 
imately same 
order as alundum 

Tic 50-60 Yes Some Same mold erosion 

Steel 

Foundry 
Sand 90 Yes Yes Violent reaction, 


casting gassy, full of 
voids 
Zirconium 
Silicate 80-85 Yes Yes Some reaction, gassy, 
mold erosion 
*Rockwell A hardness taken on the cross section of an un- 
alloyed titanium casting made in the mold indicated in the 
tabulation. Uncontaminated hardness of the unalloyed titanium 


was 41-45 Ry. 
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Fig. 2—Unalloyed titanium ingot cast into magnesia mold 
shown before and after sectioning for a hardness survey. 
Mold was at room temperature, 1 atm pressure argon. 


4. Soundness of the casting. As will be discussed 
later, when reaction occurs between molten titanium 
and the refractory, the latter is reduced. If the metal 
constituent of the refractory has an appreciable vapor 
pressure at the melting range of titanium alloys (as, 
for example, the Mg in MgO at 2500-3200 F), the 
metal vapor causes bubbles in the casting. 

Since it was well known that titanium presented a 
difficult challange to any refractory material, rather 
severe criteria were applied as a basis for selection of 
refractory materials for tests. These included: 

1. Commercial availability. 

2. High melting point. 

3. Low vapor pressure at the melting point of ti- 

tanium. 

4. Chemical stability as shown by free energy cata. 

The results of this survey are listed in accompany- 
ing tabulation and illustrative ingot cross-sections are 
shown in Figs. 2 and 3. 

Figure | is of an unalloyed titanium ingot cast into 
a graphite mold. The etched cross section in Fig. | 
shows equiaxed grains throughout with sound metal 
right out to the surface of the ingot and with no evi- 
dence of reaction. The hardness survey of this cross 
section is also shown in Fig. 1. As indicated in this 
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Fig. 3—Etched cross section of fluidity test ingot. 
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cross section, the hardness varied from about 135 to 
165 VHN with a random distribution of high and 
low values. The as-cast hardness of 20-gram buttons 
of the same sponge lot melted on a water-cooled cop- 
per hearth averaged 150 VHN so it can safely be con- 
cluded that no significant amount of reaction oc- 
curred. 

Figure 2 on the other hand shows a striking demon- 
stration of borderline refractory stability under the 
test conditions. Figure 2 shows the etched cross sec- 
tion of an unalloyed titanium ingot cast into a mag- 
nesia mold. The lower half of this ingot is seen to 
have a metallic appearance and the hardness survey 
shows a satisfactorily low and random hardness dis- 
tribution running from 135-160 VHN. The upper 
portion of this ingot, however, shows a frothy ap- 
pearance in the etched cross section with hardness 
varying from 235 to 260. 

Clearly what happened was that, when molten 
titanium was poured into the magnesia mold, the 
initial metal froze practically at once and so did not 
react with the magnesia. As additional molten titan- 
ium continued to pour into the mold, however, the 
mold became hotter and the momentary contact be- 
tween molten titanium and the mold wall became 
longer. Finally, at a point about half-way up the 
mold, a rather violent reaction took place between the 
molten titanium and the mold, the titanium reduc- 
ing the magnesium oxide by taking the oxygen into 
solution and boiling the magnesium off. The oxygen 
pick-up accounts for the increased hardness and the 
boiling off of the magnesium explains the frothy 
appearance on the top of the ingot. 

From the foregoing it can be seen that carbon and 
graphite are quite promising mold materials for ti- 
tanium. Although chemically alike, these materials 
have quite different thermal conductivities, graphite 
being up to 50 times more conductive than carbon. 
The effect of this difference is strikingly shown for a 
Ti-4Mn-4Al1 alloy cast into the special fluidity test 
mold shown in transverse section in Fig. 3, 

This mold was preheated to 800 C (1472 F) prior 
to pouring. The illustration shows that the grain size 
adjacent to the lower-thermal-conductivity carbon 
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grew much larger than that adjacent to the higher- 
thermal-conductivity graphite. Less striking but per- 
haps more important, the fluidity against carbon was 
much greater than against graphite as shown by the 
blunted and round-ended projections into the graph- 
ite relative to the full depth and square ends of the 
projections into the carbon. 

In subsequent investigation of other factors, there- 
fore, carbon or graphite molds were employed. 

Chemical Composition as a Criterion of the Degrees 
of Contamination and Homogeneity —In the skull 
furnace employed in this investigation, the chief po- 
tential sources of contamination were the graphite 
crucible and the atmospheric gases: oxygen, nitrogen 
and water vapor. Oxygen content is difficult to de- 
termine in titanium, but fairly reliable and conven- 
ient analyses can be made for carbon and nitrogen. 
Chemical analyses for carbon and nitrogen and, where 
present, metallic alloying elements therefore permit a 
good appraisal of the degree of contamination and 
chemical homogeneity which exist in a particular cast- 
ing. 

Figure 4 shows the etched cross section of one of the 
unalloyed titanium ingots cast early in the program. 
The “rim” porosity and its elimination will be dis- 
cussed later. 

This ingot weighed 24 lb as cast. Tensile and im- 
pact specimens were cut from four regions of the sec- 
tioned ingot and machined chips from these speci- 
mens were analyzed. These four regions were: sound 
metal at the center; sound metal near the center; por- 
ous metal in the rim; and relatively sound metal 
near the edge. 

The sponge from which the ingot shown in Fig. 4 
was made analyzed 0.02 per cent carbon and 0.02 per 
cent nitrogen. The chips from the four different re- 
gions all analyzed within 0.03-0.04 per cent carbon 
and 0.02-0.03 per cent nitrogen. Below 0.10 per cent 
carbon, carbon determinations in titanium are not 
more reliable than +0.02 per cent; nitrogen contents 
in the same range are reliable within perhaps +0.005 
per cent. It appears therefore that the ingot shown 
in Fig. 4 had been melted, poured and solidified in 
an essentially contamination-free manner. 





Fig. 4—Etched cross section of unalloyed titanium casting cast under reduced pressure. 
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Fig. 5—Etched cross section of sound unalloyed titanium casting cast under atmosphere pressure of argon. me 

‘ P ; tal 

A similar cylindrical ingot, but containing alumin- 1 et 
um and manganese as deliberate alloy additions, was 

made from the same sponge lot. It was sampled by Cor 

turning off chips at several locations on the cylin- Uni 

drical surface. Results of this analysis were as fol- 

lows: 

Sample 

Location C N Fe Al Mn — 

At top. 0.04 0.014 0.20 2.35 3.35 J 

134 in. below top 0.04 0.010 0.19 2.34 3.40 tit: 

334 in. below top 0.05 0.012 0.20 2.43 3.45 nes 

7% in. below top 0.05 0.011 0.19 2.34 3.45 abl 

814 in. below top 0.05 0.013 0.24 2.56 3.55 
Cas 

From these analytical results it is concluded that ma 
skull melting and pouring can yield contamination- 

free and chemically homogeneous castings. 7 

Structural Soundness ma 
Porosity—Castings of both unalloyed titanium and 

the titanium alloys investigated during this program ‘1 

may evolve gases during solidification and these may the 

be entrapped within the casting. 
i : a of | 
This evolution of gas is probably the result of re- ‘i 
duced solubility of hydrogen with solidification. b 
The initial skull furnace operating technique in a 

this investigation was to melt and cast under reduced d 

pressure of argon into a right cylinder graphite mold. Res 

This graphite mold rested on a water-cooled copper 

pedestal. Because of this and the high thermal con- _— 

ductivity of graphite, the bottom of the casting freezes Dire 
first and solidification commonly progresses inward of | 
from other surfaces also and this resulted in the gas Long 
entrapment shown in Fig. 4. Casting under atmos- pe 
pheric pressure of argon effected the improvement ian 
shown in Fig. 5. The casting is sound throughout ex- Fig. 6—Bottom-gated Ti-4Al-4Mn alloy casting. Graphite Tra 
cept for some fine porosity in the top central region. mold at room temperature. High superheat. Trar 
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Similar sound ingots have been obtained for the 
two alloys involved in this study. It may be concluded 
that non-porous titanium castings can be made. 

Surface—Because it is difficult to impart appreci- 
able superheat to the bath in a skull melting prac- 
tice, surface defects such as cold shuts and frozen 
splatter are commonly found on the casting. Pour- 
ing metal near the melting point directly into a cold 
graphite mold, for example, results in a poor surface. 
Bottom gating, mold preheating, superheating, using 
low thermal conductivity molds, etc. all tend to im- 
prove surface conditions. 

Good surfaces have been obtained with various 
combinations of these expedients. Figure 6, for ex- 
ample, shows a 1614-lb, 4-in.-diam, right cylindrical 
casting made by pouring superheated Ti-4Mn-4A1 
into a cold graphite mold through a bottom gate. 

Figure 7 shows a shaped titanium casting of the 
same composition and cast under the same conditions 
as that illustrated in Fig. 6. This casting weighs 4 
lb and its central portion is 634 in. in diam and | in. 
thick. Its surface is considered quite acceptable. 

Shrinkage — In order to assess titanium’s general 
shrinkage characteristics, both diameter and length 
measurements were made on a series of unalloyed 
right cylindrical castings with diameters varying from 
2 in. to 5 in. Results are given in the following 
table: 





Fig. 7—Photograph of a shaped titanium casting 63/4 in. 
in diam and 4 Ib in weight. 


Examination of the foregoing table shows that the 
tensile coupons taken from sound metal near the 
center of the casting have better tensile elongation 
than those taken near or in the porous zone. But the 
impact values of all coupons are good, including 
those which were cut from porous areas. The ex 
planation for this is probably that the porosity does 
not materially reduce the cross-sectional area, and the 
pores, being generally rounded in contour, do not act 
as stress raisers. 

Specimens cut from the sound ingot shown in Fig. 
5 gave the following properties: 








Diameter Contraction 


Composition or Length, in. Direction in./in. 
Unalloyed Ti 2 radial 0.0200 
314 radial 0.0190 

{ radial 0.0185 

5 radial 0.0165 

914 length 0.0141 

11% length 0.0126 





It can be seen that, as in the case of other metals, 
titanium shrinks less, the greater the section thick- 
ness; also, that the shrinkage of titanium is compar- 
able to that of cast steel, is greater than that of gray 
cast iron and aluminum and is less than that of 
magnesium. 

Mechanical Properties 

Tensile and V-notch Charpy impact specimens were 
machined from representative locations in many of 
the castings. In general they were tested in the as- 
cast condition. 

Unalloyed Titanium—Specimens were taken from 
the following four regions of the longitudinal section 
of the 24-lb casting shown in Fig. 4: 

a from sound metal near the center 

b from sound metal at the center 

c from the porous area 

d from the edge of the porous area. 

Results of the mechanical tests were: 








0.2% 
Direction Yield, Tensile, Elong., RA, Impact, 
of test 1000s psi 1000s psi %, % ft-lb 
Long. a” 475 592 °° #©&24210 7 25.8 
Long. b 53.6 64.7 16 21 22.0 
Long. c 42.5 49.9 5 5 23.2 
Long d 47.2 56.7 5 13 24.0 
Trans. 47.5 64.3 16 24 20.0 
Trans. 22.5 





0.2% 

Direction Yield, rensile, Elong., RA, Impact, 
of test 1000s psi 1000s psi % % ft-lb 
Long. 60.3 72.3 19.0 25.5 36.0 — 

56.0 66.8 10.0 17.5 30.7 

58.0 69.5 15.0 23.0 27.0 

56.9 69.5 17.0 21.8 31.5 

56.7 71.5 21.0 24.6 32.7 

rrans. 51.1 70.8 22.0 37.5 $2.1 
57.4 71.1 20.0 28.1 36.1 

— — — — 16.0 

. a — _— 33.5 





The foregoing elongation and impact values are 
quite respectable at the indicated strength level even 
for the best wrought titanium. 

Ti-7A1—The as-cast properties of a 25-lb, right 
cylindrical casting containing 0.05C, 0.015N and 
6.85Al1 were found to be: 





0.2% 

Direction Yield, rensile, Elong., RA, Impact, 
of test 1000s psi 1000s psi % ft-lb 
Long. 95.7 «109.2 5:”:——“—CL 19.0 — 
Long. 86.9 96.9 13 22 24.0 
Long. 94.2 108.5 14 16 — 
Trans. 94.7 108.7 15 22 30.2 
Trans. 92.8 105.5 10 19 16.4 
Trans. 95.0 105.0 6 12 18.2 





These properties, particularly the V-notch Charpy 
impact, are considered to be quite creditable. 

Ti-4Mn-4Al—The as-cast properties of a 1614-lb 
right cylindrical casting and of two 4-lb shaped cast- 
ings of the nominal Ti-4Mn-4Al analysis were de- 
termined by the Watertown Arsenal Laboratory. 

A photograph of the right cylindrical casting is 
shown in Fig. 6. A considerable number of tensile 
and impact specimens were cut from this casting. 
Specimens oriented parallel to the axis of the cylinder 
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were considered “‘longitudinal.’’ Those disposed in a 
plane transversely to the axis were termed “trans- 
verse.” The tensile results were: 

TENSILE PROPERTIES 











Direction 0.2% Yield, Tensile, Elong., RA, 
of test 1000s psi 1000s psi % % 
Longitudinal 146 155 6.0 10.9 
139 148 6.0 10.4 
139 151 6.0 10.8 
142 152 7.0 11.0 
144 154 6.0 12.6 
137 146 4.0 5.7 
145 152 5.0 9.6 
147 154 5.0 9.2 
142 147 3.0 2.6 
133 144 4.0 6.4 
133 143 3.0 5.7 
144 154 8.0 14.7 

rransverse 130 140 4.0 4.2 
132 140 4.0 7.2 
146 154 - 6.0 8.0 
138 147 6.0 9.6 
138 145 3.0 8.8 
144 154 7.0 11.8 





These tensile properties are somewhat higher in 
strength and lower in ductility than would have been 
anticipated for a wrought product of this composi- 
tion. The variation in ductility is believed to be as- 
sociated with porosity in the casting. In view of these 
and other results, it may well prove that, although 
Ti-¢Mn-4Al is a useful composition for wrought 
products, it is not particularly well adapted to de- 
veloping good as-cast mechanical properties. As in 
virtually every other aspect of titanium casting, much 
work remains to be done in this field. 


The impact results were: 


V-NotcH CHARPY Impact TEst RESULTS 





Direction of Test Testing Temperature, C Foot Pounds 
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Both tensile and Charpy specimens were selected 
in various positions, directions and notch orienta- 
tions within the ingot in an effort to determine 
whether these factors would influence test perform- 
ance. No such influence was noted, indicating that, 
aside from porosity variations, the metal was quite 
uniform in behavior. 

Two castings of this same composition and shaped 
as shown in Fig. 7 were also provided to Watertown 
Arsenal for examination. 

In the early state of the art represented by these 
castings, numerous large voids existed in some por- 
tions. Samples were machined from sound regions for 
tensile and impact testing. The following results wer 


obtained: 


TENSILE PROPERTIES 





0.2% Yield, Tensile, Elong., RA, 

1000s psi: 1000s psi q% a) 
Cover Plate No. | 136 146 6.0 10.4 
140 150 6.0 10.4 
Cover Plate No. 2 120 135 10.0 19.2 
116 126 3.0 4.1 
117 132 5.0 10.4 





Again, these properties are not quite up to those of 
the standard wrought product with this analysis al- 
though the tensile properties of cover plate No. 2 
show, in one instance, promising strength and duc- 
tility. The lower ductility of the other specimens 
from this same plate is perhaps attributable to por- 
osity. The impact toughness of these shaped castings 


is indicated by the following: 


V-NotcH CHARPY IMPACT TEsT RESULTS 








Longitudinal — 40 C (—104 F) 4.5 
95 —« 2.8 
9 om @ 4.1 
‘a 10 (—50 F) 4.7 

— tet 5.1 
a 4.9 
23 (73 F) 6.0 
23 6.7 
23 5.7 
50 (122 F) 8.0 
80 (172 F) 12.4 
100 (212 F) 12.1 

I ransverse — 40 (—104 F) 3.7 

1 — 40 2.6 
— 40 3.0 
— 40 1.5 

23 (73 F) 8.0 
23 7.0 
23 5.8 
23 6.8 
100 (212 F) 13.3 
150 (302 F) 23.6 
200 (392 F) 24.7 
250 (482 F) 31.8 
300 (572 F) 29.9 
350 (662 F) 38.2 
400 (752 F) 28.6 


* Although most fractures exhibited numerous very small pores, 
asterisked specimens possessed larger cavities considered likely 
to have affected appreciably the recorded value. 





Testing Temperature, C Foot Pounds 


Cover Plate No. | 10 C (—104 F) 4.0 
“i - 40 4.0 

10 5.0 

* 23 (73 F) 7.8 

23 6.8 

23 7.1 

23 7.2 

Cover Plate No. 2 — ee 10.0 
ia — 10.0 

a 11.0 

— 4 11.0 

— 40 9.0 

23 14.8 

23 14.2 

23 12.2 

23 13.5 





The superior properties of cover plate No. 2 as sug- 
gested by the tensile data are borne out by the im- 
pact test results which disclose an appreciable order 
of toughness even at the —40 C (—104 F) testing 
temperature. 


Summary and Conclusions 


Sound, strong, tough, good-surfaced and accurately- 
dimensioned titanium and titanium alloy castings 
were made on a laboratory scale up to 25 |b in weight. 
The procedure employed of melting and pouring 
from a skull furnace into a carbon or graphite mold 
within'an argon atmosphere appears capable of some 
scale-up. The basically good castability of titanium 
is therefore indicated. 
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Many formidable technical and economic prob- 
lems in the casting of titanium have not yet been 
formulated, much less attacked. Whether these can 
be satisfactorily solved is a question which can only 
be resolved in the future by a large scale effort by 
many people over a considerable period of time. At 
best, commercial shaped titanium castings appear to 
be at least several years away but it is encouraging to 
report as a result of this investigation that there ap- 
pears to be a sound metallurgical basis on which a 
titanium castings industry can be built. 
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DISCUSSION 


Chairman: W. A. Dean, Aluminum Company of America, 
Cleveland. 

Co-Chairman: R. A. Lusker, Armour Research Foundation, 
Chicago. 

Recorder: P. D. Frost, Battelle Memorial Institute, Columbus. 

R. M. LANG (Written Discussion): The data on the mechani- 
cal properties of cast titanium which have been presented by 
the authors are a valuable contribution to those working on the 
problem of casting titanium. This paper answers many ques- 
tions which have arisen about the feasibility of casting titanium. 

The results the authors obtained when casting 2 oz of titanium 
into oxide molds are somewhat different from the results we 
obtained in our experiments. We have made 2-lb titanium 
castings in unwashed shell molds composed of MgO, AI,O,, o1 
ZrO, (all electrically fused), and only the outer skin of the 
castings was contaminated. Pinholes in these castings were 


less than % in. deep, and the interiors of the castings were as 
sound as those made in graphite molds. 

Our experience with graphite molds has been that it is diffi- 
cult to obtain a smooth surface on castings made in cold graph- 
ite molds. The graphite chilis the casting so rapidly that there 
are numerous folds on the surface of the casting similar to the 
one on the cylinder shown in Fig. 6 of the paper. Has any 
work been done to determine the temperature to which graph- 
ite molds must be preheated in order to eliminate folds in the 
casting? 

In our experience with titanium alloys, a Ti-7Mn alloy ap- 
peared to be more reactive than unalloyed titanium. A Ti-7Mn 
melt eroded a graphite crucible much more rapidly than un- 
alloyed titanium melts. This Ti-7Mn melt also reacted violent], 
when cast in a graphite-washed zirconia shell mold. Have the 
authors found that other alloys such as Ti-4Al-4Mn behave in 
a similar manner? 

The data on solid shrinkage of unalloyed and alloyed titanium 
castings are very helpful. Have the authors done any work 
on solidification shrinkage of titanium alloys? These data would 
be of help in designing the gates and risers for titanium-alloy 
castings. Also, are the titanium alloys more fluid than unalloyed 
titanium, or can the same gating systems be used for both? 

More information on the design and operation of the skull- 
melting furnace would be of considerable help to those now 
working on titanium casting or intending to do so. It is hoped 
that, in the near future, the authors will find time to write a 
paper giving more of the details of their furnaces. 

CHAIRMAN DEAN: Have the authors made a study of the eco- 
nomics of a casting industry? 

Dr. CLARK: We have done a little preliminary work in this 
field. Our chief problem has been, “is it possible to have a 
casting industry?’, rather than “where are the applications? 
The economics of such an industry will require years of study. 

Co-CHAIRMAN LUBKER: Has anyone given any attention to the 
melting of titanium scrap? 

Dr. CLARK: Yes. It will be necessary to use better scrap- 
handling methods for titanium than for other metals because of 
the irreversibility of the oxidation reaction. Scrap definitels 
will be used in casting production, and this study is under wav. 

O. W. Simmons: ? Will the authors comment on the extremels 
large grain size of the casting made in the carbon mold, as 
compared with the normal grain size obtained when casting 
against graphite? 

Mr. MALone: The heat conductivity of the carbon was only 
about 1/50th that of the graphite. 

Mr. Simmons: Can you reduce grain size by heat treatment 
or other ways? 

Mr. MALONE: I know of no heat treatment to reduce grain 
size. It can be reduced by mold practice. 

Dr. CLARK: In titanium, beta grains are transformed into fine 
alpha grains during cooling. If reheated, the alpha grains again 
form the coarse beta grains. Only mechanical work can reduce 
the beta grain size. 


' Battelle Memorial [nstitute, Columbus, Jhio. 


? Rem-Cru Titanium, [nc., Midland, Pa. 








FUNDAMENTALS OF RISER BEHAVIOR 


By 


Clyde M. Adams, Jr. and Howard F. Taylor. * 


ABSTRACT 


A quantitative approach to riser design is presented which 
makes use of a heat and material balance ‘to evolve an engi- 
neering riser equation. Modifying effects of factors such as 
chills, insulators, radiation, and superheat are evaluated. Quan- 
titative comparison with the results of Caine* shows good 
agreement between theory and practice for making castings 
of steel; this paper supplements Caine’s work for steel and 
presents a “riser equation” applicable for risering castings of 
any metal under average conditions. 


Introduction 


Use of risers or reservoirs of liquid metal to feed 
solidifying castings is the most commonplace foundry 
procedure. Shrinkage and risering are fundamental 
aspects of casting. The purpose of this paper is to 
delineate and simplify some of the basic characteris- 
tics of riser behavior; it is aimed at furthering under- 
standing of how a riser does its job, and how risering 
fits into the broad relationship between heat transfer 
and solidification. Other objects of the report are 
(1) development of an uncomplicated quantitative 
approach to risering castings, and (2) verification of 
Caine’s? work on riser dimensioning presented sev- 
eral years ago. 

For the purpose of complete documentation, the 
mathematical reasoning has been outlined in an Ap- 
pendix. However, all the practical consequences of 
the analysis are included in the paper proper, and 
require little computational effort to be applied di- 
rectly to the solution of foundry problems. A certain, 
inescapable amount of measurement will, of course, 
be required for any successful risering scheme; speci- 
fically, to take advantage of the relationships found 
in this paper, one need know only the weight (or 
volume) and surface area of a casting, in order to de- 
sign an efficient riser. This was also the requirement 
of the Caine analysis. 

Any analytical approach to the problem of dimen- 
sioning risers will necessarily involve considerations 
of heat flow. The heat flow problems associated with 
solidification may become quite complex, but, in the 


*Assistant Professor and Professor respectively, Massachusetts 
Institute of Technology, Cambridge, Mass. 
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case of many sand castings, simplifying approxima- 
tions may be made with little loss of accuracy. When 
such approximations are made, the well-known Chvor- 
inov’s Rule! may be derived, which relates solidifica- 
tion time, ‘@’’, to the volume, “V”, and area, “‘A’’, of 
the casting: 
“sw 

¢= N(—-) 
N = constant, different for each combination of 
metal and mold-material. Since most analytical treat- 
ments of the risering problem depend upon the gen- 
eral validity of Chvorinov’s Rule, it is well to under- 
stand the meaning of the simplifications involved. 
Chvorinov’s Rule depends on three conditions: 

(1) The metal is a much better conductor of heat 
than the mold. (This condition is met in a sand 
casting.) 

(2) Changes in section size of the casting are not 
great. 

(3) Heat penetrates only a shallow layer of the 
mold surface during freezing. (This condition is 
fairly valid for sand castings.) These three condi- 
tions are all aimed at making every square inch of 
mold surface area remove the same amount of heat 
from a given casting. This is the basic tenet of 
Chvorinov’s Rule. The meaning of condition (3) is 
illustrated in Fig. 1. Concave mold surfaces can ab- 
sorb heat more rapidly than convex surfaces, due to 
differences in the degree of restriction imposed on 
heat flow by geometry. If the heated layer of sand is 
shallow, the effects illustrated in Fig. | are slight. 

Probably the most complete and useful correlation 
of risering information to date has been that of 
Caine,? just mentioned. Caine has presented curves, 
based on observations of a large number of variously 
shaped steel castings, using all types and sizes of 
risers. Having been experimentally determined, 
Caine’s curves do not depend upon the validity of 
Chvorinov’s Rule, nor indeed do they need any theo- 
retical support. However, Caine’s choice of variables 
for plotting the curves, in terms of volumes and sur- 
face areas, was clearly suggested by the Chvorinov 
relationship.! Caine’s astute choice of variables lends 
great value to his work, since many observations 
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a. CONCAVE b. FLAT c. CONVEX (restricted heat flow) 


Figure 1 


could be used in establishing a single curve. The 
theoretical treatment contained in this paper draws 
support from comparison with his experimental find- 
ings. 

More than one theory has been advanced on the 
subject of dimensioning risers, but most of these have 
not been subjected to direct experimental verifica- 
tion. The most recent analytical study has been pre- 
sented by Abcouwer.* Abcouwer’s equations essen- 
tially conform with Chvorinov’s Rule, but seem un- 
necessarily complex, with some of the mathematical 
reasoning open to question. The Abcouwer analysis 
further neglects the fact that shrinkage accompanies 
freezing in the riser as well as in the casting. 


The Base Riser Equation 


To analyze a problem basically, a model is usually 
taken as a starting point. The simplest possible riser- 
casting model (from an analytical point of view) is 
used herein to develop the base “skeleton” riser equa- 
tion. The various modifications of the model, to be 
used in making conditions more realistic, can best be 
discussed in the light of this base equation. The 
limitations imposed upon the base equation are as 
follows: 

(1) Pure metal. 

(2) Zero superheat. 

(3) Riser and casting both completely surrounded 
by sands, (No chills, insulators, or radiation losses.) 

(4) Chvorinov’s Rule is accurate. 

(a) No contour effect (Fig. 1). 
(b) No large change in section. 
(c) Metal conductivity is high compared to sand. 

(5) No Safety Factor. The riser is exhausted of 
liquid metal the instant the casting freezes. 

Within these limitations, using the analysis out- 
lined in Part I of the Appendix, the following equa- 
tion may be derived: 





(1 ) V, Pane r 
per cent shrinkage 
100 
V. V.. A;, Ae = volumes and areas of riser and cast- 


ing respectively. 
Comparison with Caine’s Curve 
The unmodified base equation may be compared 
with the curve in the Caine report (Steel Founders’ 
Society of America, Research Report No. 13, Fig. 42) 
pertaining to top-blind risers on steel castings. The 


reason for making the comparison with blind-risered 
castings is to conform with limitation (3)—a riser 
completely surrounded by sand. This does not limit 
the analysis in any way to problems of blind riser- 
ing, but a direct comparison with experimental re- 
sults using open risers is less convenient since radia- 
tion losses must then be computed. 

The Caine curve is replotted in Fig. 2, using some- 
what simpler coordinates than in the original report. 
Good agreement is obtained with the theoretical 
straight line relationship (the base equation) shown 
on the same Figure. The same two curves (Caine’s 
and the base equation) are plotted again in Fig. 3, 
using different coordinates. Figure 2 is more accurate 


, 


9 


_ 


for use in risering castings having large —~ values 


(i.e. chunky castings), and Fig. 3 is more accurate for 


ve, values (plate-like castings). 
Both Figures may be regarded as maps, with the 
curves separating regions of shrinkage from regions 
of soundness. 

Several points may be observed in comparing the 
curves: 

(1) Agreement is excellent for castings having less 
than 75 per cent yield. 

(2) The theoretical curve is more optimistic than 


castings having low 
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Fig. 2—Steel castings fed with top blind risers; 3 pct 
solidification shrinkage. 




















688 FUNDAMENTALS OF RISER BEHAVIOR 
iif 
e el & fee ] 
E SHRINK , Li 
= \) 
$ gos et 
- (n 
4 s ' yi0" ine T ‘ ‘ . 
ro ‘ar Ca! Fig. 3—-Steel castings fed with top 
{ . ° ° ge ° 
Rise blind risers; 3 pct solidification 
5 shrinkage. 
s 
> 
2 SOUND 
- 
o @r = 
0 l i ] i 1 l } 
Le) 2 a 6 8 10 14 16 18 


Casting Are / pi cer non 


Caine’s, particularly for plate-like castings (right- 
hand portion of Fig. 3). The principal reason for the 
apparent disparity between theory and practice in 
feeding requirements of plate-like castings stems from 
the gating system. Study of the original report by 
Caine indicates that the gates were sometimes larger 
in cross section than the castings, and that they were 
always large enough to be considered significant parts 
of the casting. Gates, too, require feed metal during 
freezing, and thereby reduce riser efficiency. 


Effects of Metal Exposed to Materials Other Than Sand 
(Insulators, Chills, and Radiation) 


Frequently, certain areas of the casting or of the 
riser are exposed to chills or insulators, or are open 
to the surroundings. The general technique for hand- 
ling such a condition is to make use of a correction 
factor, “f’, which may be described best by means of 
an example: 

Steel or cast iron chills are used extensively on steel 
castings. One square inch of chill can remove 2.2 
times as much heat from the casting as a square inch 
of sand, in a given period of time. Thus, in using 
the riser equation, the chilled area is multiplied by 
2.2, and added to the sand area of the casting to give 
the total equivalent casting area, “A,.”, which may 
be used in base equation. In this case, f = 2.2. 

1. Insulators—The correction factor, “f’, for an 
insulated area is less than 1.0. The correction factor 
for gypsum used in conjunction with sand-cast bronze 
is about 0.6, for example. These correction factors 
are best determined experimentally, but if thermal 
data are available, the following expression may be 


used: 
KipiCp: 
dws K.p.Cp, ’ 
where K, = thermal conductivity of insulator, 
K, =.thermal conductivity of sand, 
pi = density of insulator, 
ps = density of sand, 
Cp, = specific heat of insulator, and 


Cp, = specific heat of sand. 
To determine “f” experimentally, a simple test 


casting may be made in a mold consisting entirely of 
the unknown, and the freezing time determined by 
means of a thermocouple located in the casting. This 
test may then be duplicated in sand. Using Chvor- 
inov’s Rule, 


f | . 
<= ———_—» 
\ 
where 6, = freezing time in sand, and 
6, = freezing time in insulator. 


2. Chills—The correction factor for a chilled area is 
greater than 1.0. The correction factor for a chill 
may not be easily determined from the thermal prop- 
erties, principally because little is known of the chill- 
metal contact resistance; also, the mathematics is 
somewhat involved. 

The experimental determination of chill-correction 
factors is the same as for insulators. Bishop, Brandt, 
and Pellini have presented data carefully obtained 
which indicates that freezing times of steel in chill 
(gray iron) molds, and in sand, are in the ratio of |! 
to 4.8, respectively. Thus the correction factor, 

f = V48 = 2.2. 

3. Radiation—The correction factor method may 
be equally well applied to the exposed surface area 
if an open riser. There is a slight additional compli- 





Fig. 4—Effect of superheat on top losses. 
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cation in that the correction factor is not a constant 
for a given system, e.g., steel and sand. A previous 
publication has demonstrated that there is a size ef- 
fect on radiation losses; large, exposed risers lose rela- 
tively more heat through the top than do small risers.® 
Thus the correction factor, “f’’, increases with increas- 
ing riser size. This may be conveniently handled 
(APPENDIX, Part IV) by relating “f” to the size of 
the casting. The result is: 
V. 

f=B : 
where “B” is a true constant for a given system. For 
the system: steel and sand, 

B = 1.25 in! (Approx.). 
Experimental determinations of “B” are best made 
from measurements of pipe depths in a few simple 
castings. Figure 5 illustrates the results of this type 
determination on sand castings of tin. 


Use of the Factor "'f'’ 


To summarize, in the case of an area chilled, in- 
sulated or exposed to air, the actual contact area in 
question is multiplied by a correction factor “f”, 
which reduces the area to an equivalent sand-contact- 
area. Complicated cases may thus be reduced to simple 
applications of the base riser equation. 


Deviation from Chvorinov's Rule 


The middle curve in Fig. 3 illustrates one modifi- 
cation of the basic equation. An adverse contour ef- 
fect has been included in the calculation. A typical 
adverse contour effect exists, for example, when a 
cylindrical riser is used to feed a plate-like casting. 
Heat flow is less restricted in the concave riser wall 
(Fig. la) than in the flat mold wall (Fig. 1b); this 
exemplifies a true deviation from Chvorinov’s Rule. 
Plates fed by cylinders are described by the third 
curve in Fig. 3. The curve is slightly less optimistic 
than the base equation, but the change is not great. 
On the coordinates of Fig. 2, the third curve would 





Fig. 5—Measurement of top loss “B” values from casting 
and pipe dimensions. 
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Fig. 6—Pipe formation in tin cylinder. 


nearly coincide with the curve for the base equation, 
suggesting that contour effects are not important on 
“chunky” castings. The analytical method for hand- 
ling the effect of contour is outlined in Part II of the 
Appendix. 


The Effect of Superheat 


Foundrymen have always disputed the influence of 
superheat in feeding castings. Is superheat good or 
bad? Calculation indicates there is room for dispute. 
Superheat may be good or bad, depending upon othe 
conditions. 

(a) If there is no contour effect, and the other 
limitations involved in the base equation are met, 
superheat has a very slight beneficial effect. 

(b) With the addition of a contour effect to (a), the 
problem becomes complex, but superheat still has 
only a slight effect, either beneficial or deleterious. 

(c) Last, and most important, if an unprotected 
open riser is employed, superheat is profoundly harm- 
ful. Superheat has much the same effect as preheat- 
ing the mold, and so increases the freezing time. Ra- 
diation or convection losses from the top of the riser 
are seriously increased. Figure 4 illustrates this be- 
havior for simple castings of tin. 

Analysis of the effect of superheat is outlined in 
Part III of the Appendix. 


Applicability of the Equation 


The equation seems well verified by the work of 
Caine? for the case of casting steel. Limited investi- 
gations using aluminum and tin show promising re- 
sults. One hoped-for objective of this presentation is 
the extension of the Caine analysis to metals other 
than steel. 

In using the equation, second-order effects such as 
superheat and contour may be neglected for most 
engineering purposes. (The combination of radiation 
from an unprotected riser and excessive superheat is 
very difficult to analyze mathematically, but the com- 
bination has such an adverse effect on efficient riser- 
ing it should be avoided—thus the calculation should 
rarely be necessary.) Making proper use of the ap- 
plicable correction factors, and including the gating 
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system as part of the casting, the base riser equation 
may be used directly. 
Pipe Contours 


Although of little more than academic interest, the 
pipe contour obtained when a risered casting solidi- 
fies is calculable, subject to the conditions imposed 
in deriving the base riser equation, with the further 
limitation than an open-top, non-radiating riser be 
studied. The pipe contour analysis is presented in 
the Appendix, Part IV. A result of this type calcula- 
tion is shown in Fig. 6, where a theoretical pipe con- 
tour is compared with a tin chill-casting. The general 
similarity lends further support to the validity of 
the riser analysis. 

(A chill casting was used in this experiment to 
speed freezing, and thus minimize top losses. In a 
chill casting, solid contraction during freezing may 
actually compensate for some solidification shrinkage. 
Careful comparison of the real and theoretical con- 
tours in Fig. 6 indicates this was indeed the case.) 


Risering of Alloys 


The only complication, which arises in the case of 
alloy solidification, is the existence of a “mushy” stage 
during freezing. This causes feed metal to bog down 
in the riser, and be wasted. Probably this problem 
can be approached by assuming that the riser can no 
longer feed after it has become some fraction (e.g. 70 
per cent) solid. When this quantity is written into 
the riser analysis, the base equation becomes (Appen- 
dix, Part V): 

V, 1 A, 

— (l—p=>5 A. +B 
When some fraction, “P’’, of the riser is solid, feed- 
ing ceases. 

An example of the difficulties resulting from mushy 
freezing is exemplified by the blind-risered, ductile 
iron casting shown in Fig 7. The gross pipe is well 
above the casting, there is no restriction at the throat 
of the riser, and yet the casting exhibits dispersed 
shrinkage below the riser. 





Conclusions 
A quantitative analysis of riser behavior, based upon 
a combined thermal and material balance, has yielded 
the following results: 
1. A base risering equation, involving all possible 
simplifications, has been derived: 


I ; V; A, 
where 1008 = per cent shrinkage, and 


V., V., Ay, and A, = volumes and sand-contact-areas 

of riser and casting, respectively. 

In the absence of chills, insulators, exothermic ma- 
terials, or radiation effects, the base equation may be 
used directly with good engineering accuracy. 

2. To use the base equation, it is frequently neces 
sary to apply correction factors to those areas of the 
casting or riser not in contact with sand, reducing 
these areas to “equivalent” sand-contact-areas. Chilled, 
insulated, or radiating areas may be treated in this 
fashion, and then introduced into the base equation. 








3. The effects of mold contour and superheat are 
small enough to be neglected for most engineering 
purposes, provided risers are protected from radiation 
losses. 

4. Comparison with the work of Caine? indicates 
close agreement between theory and practice for the 
case of steel castings. The analysis should extend 
equally well to other metals. 

5. Superheat and radiation losses can combine to 
reduce feeding efficiency drastically. Since the amount 
of superheat will always vary in practice, close con 
trol may best be realized by protecting risers from 
radiation. The analysis of this situation has been 
carried out, but is not included in this paper because 
of its complexity. 

6. A means for modifying the base equation to 
handle “mushy” freezing alloys has been hypothe- 
sized. The treatment assumes that the riser ceases to 
feed after it has become a fraction, “P’”, solidified. 


Vv. 1A, 
C—-# aoa abe ag +B 
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APPENDIX 


Part I: Derivation of Base Riser Equation 


(1) Material Balance 
V. = volume of casting 
V, = liquid volume of riser 
V-e= final solid volume of riser 





Fig. 7—Ductile iron casting showing dispersed shrinkage 
under the riser. 
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8 = fraction shrinkage= - por cone Getahage 
100 
Since the entire shrinkage void is in the riser: 
(final solid riser volume)= (liquid riser volume) 
- (total solidification 
shrinkage of riser and 
casting) 
Vas ae Vy — BEV, Ae Ved nn ccc ccnccsvvensns (1) 


(2) Chvorinov’s Rule, (freezing time) = (constant) 


V 2 
x (a) 

Assume perfect efficiency. The last drop of riser 
liquid disappears at the moment the casting becomes 
completely solid. In other words, solidification ceases 
simultaneously in the riser and in the casting. 

Since the freezing times are equal for the riser and 
the casting, 


Vit V. 


e ihe 


Dh age: b.6606 08 644s ehdnne ses beens 2 
A, A, ( 
where: 
A, = sand-contact area of riser 
A, = sand-contact area of casting 
(3) The Base Riser Equation 
V V V 
From Equation (1): —“-— —*- - Rie. 
¢ q oO ( ) v. v. B ( vt) 
From Equation (2): Vet _ * 
V. A. 
Then: 
a? ae * “ 
O — Bag = HB fens eeee- (3) 


Equation (3) was used in preparing Figs. 2 and 3. 
Part II: Effect of Contour on Base Riser Equation 

Consider an example which may be regarded as 
typical: a cylindrical riser is designed to feed a flat 
plate. The top of the riser is protected from radia- 
tion losses. Heat flows into the flat mold wall ac- 
cording to the following relationship (5): 


: ] 
+ -= KT, —— ee rere (1) 
ie Val 
where: 
de : ' , 
Ie_—heat flow rate per unit area of casting surface 


oa 

K =thermal conductivity of mold 

T,=surface temperature of mold minus room tem- 

perature 

a=thermal diffusivity of mold 

6 —time 
Heat flows somewhat more rapidly into the cylindrical 
riser wall (6): 


a xy [047 os 
A, ; R 
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where: 
» . a heat flow rate per unit area of riser surface 
f r “ 
R =radius of the riser 
And since: 


VY  #o- ; ; 

— See 0 CEE, 5 <a wesccncas (3) 
% KT. bowed < eee (4) 
sia ig 4 \V ral 


When solidication is complete, the total amount of 
heat which has left the casting may be found by in- 
tegrating Equation (1): 


2\/0 
GO, = ART, = eee (5) 
\V 7a 
6, = time required for casting to freeze 
Q. = heat of solidification of the casting 
Similarly: 
G, = ART, bo Me 6, + _ 2voe a 
= \ r \ra 
where: 
Q, = heat of solidification of riser. 
Since Q, and Q, are heats of solidification, 
Oy ME WE i dalna dnd veaverecaeec duane (7) 
OEE GR, SE Vigh ie os scccvcescesccseyeesaays (8) 
where: 
ps — density of solid metal 
H = heat of solidification per unit weight 


- 


Finally, Equations (5), (6), (7), and (8) are combined: 


Q. V. IV. = 
; 2/6 \.... (9) 
A.KT, ew (9) 


\ ‘Ta 


Equations (5) and (7) may be combined to give: 


— VipsHVma 
Vor — AKT. TerererrrecertrtecrteleLerie. (10) 
Material Balance: 
V, \ r r 
os. Sea -B +1 f.....--.. (11) 


Substituting Equations (10) and (11) into Equation 
(9), and rearranging: 


£ V. a p e/a Ar f/f 
j ¢-Fy* ee ly ie a, 
- en eee a / 

VEEN ES PT EOE (12) 

where: 

me! ae ae weer 2 

0.47 a5.H ¢ 

/ Def— 7 ae | eee (13) 
/ s 











692 


If the riser has a spherical shape, and is designed to 
feed a flat slab, 


oo T 


Equations (12) and (13) were used in preparing Fig. 3. 
Part III: Effect of Superheat on Base Riser Equation 
In this case: 


Q. = heat of solidification of the casting and 
superheat in the casting. 
Q, =. heat of solidification of the riser and su- 


perheat in the riser. 





2\/6, : — 
Q, = AKT, { —— = VipH + Vep,C,4T 
WOE cc ckncetaae snares (1) 
where: 
P, = density of solid metal 
P, = density of liquid metal 
C, = specific heat of liquid metal 
AT = superheat 


Since there is no contour effect, 




















26: = 
Q = Act. = = Vip + VipCy OT 
nic sunee caetay severest (2) 
Dividing Equation (2) by Equation (1), 
Q _ _Ar NupH + bi oll pee wet (3) 
Q. ie V.psH + \ epaCy SI 
Material Balance: 
Vit V; V, 
a — — : | eee 4 
V. V. B V. + ( ) 
Shrinkage expressed in terms of densities: 
__ volume of liquid-volume of solid 
dit volume of liquid 
] 1 
a a a . eee (5) 
1 Ps 
Pa 
eee eM gaivcccicanerensrderacenes (6) 
Ps 


Substituting Equations (6) and (4) into (3), and re- 
arranging: 

















V; 
V i 
A, V, B . 
A % af 
a (1 — £) +! 
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Part IV: Effect of Radiation on Base Riser Equation 
In this case, heat leaves the riser by conduction into 
the mold, and radiation into the air, so that: 


2A..KT 
» aid oe sr s f 
Q. = VirpsH S= AurF,6¢ eeee (1) 
\Vra 
A,, = sand-contact area of riser 
Atr = radiating (top) area of riser 
F, = rate of heat loss per unit area of radiating 


(top) surface. 
As in the Appendix, Parts II and III 


Oe nso. se (2) 


























2A. KT.\V/6; 
ee + AaKith 
Q, Vit \Vra 
— — ae eo 
Q. \ 2A.KT.\/6¢ 
\Vra 
From Equation (2) 
-— \ va V cps H 
EE ew. oe ee ere 4 
Vor 2A KT, © 
Material Balance, Appendix, Parts I, I, III: 
Vee V; V. 
Se _ SS ee 5 
v. "7 Bi —y- + (9) 
Substituting Equations (4) and (5) into (3) 
/ . V, L. +fA —/ 
Sas ae Peet: 2 be hbn. 8 
F \ B) A. B / 
- ee we 
where: 
i. oa ho: ‘ F 
Sta Flee _ bo 5% | 
4K°2T2 A. yy J 
B = constant, a characteristic of the metal-mold- 


ing material combination. 


Part V: Risering a “Mushy-Freezing” Alloy 
The riser can deliver no feed imetal to the casting 
after it has become a fraction, “P’’, solid. 




















eS Re ee rere oe ere rE reer (1) 

Si Ot SE 6 ot idawa needa Se ntvbteneawaws (2) 
As in Appendix, Part III: 

Q. pa A, 

0. ale Waa (3) 
Material Balance: 

Vit V, V, 

y= B v. fH J Bec ccccss (4) 
Equations (1), (2) and 3: 

Vet ] A. » 

= — P A. ss ch Salk cabelas et cet eee ws (5) 
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Combining Equations (4) and (5) : 


\ Ve 1 AY f 
(-By- 2-9" -—- Ot /..-8 





Part VI: Theoretical Pipe Contours 

A casting is fed by an open cylindrical riser having 
radius, “R’’, and height, “H”, with no radiation losses 
from the top of the riser. When solidification is partly 
complete, the liquid zone in the riser is a cylinder 
having radius, “r’’, and height, “h”. The riser is just 
big enough to feed the casting. 

At any instant during solidification, the rates of 
freezing in the casting and in the riser are propor- 
tional to their areas (Chvorinov relationship) so that: 


dv, A, ' 

IR OE Sets s sons ne cs ssccsinmreenense’ (1) 
where 

dv, 


— = change in volume of solid in riser per 
oe unit change in volume of solid in the 
casting. 
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Also, the rate of change in liquid riser height is re- 
lated to rate of shrinkage of casting and riser: 








— mrdh = (dv, + dv.) a. coo ere (2) 
Pa 
i SE i a nas occas cnctevebens (3) 
Density-shrinkage relationship 
5 ee Se See ere (4) 
Pa I. 
Combining (1), (2), (3), and (4) 
dh 28 A. dr 
iacmmtiniiis > ott (5) 
h 1—B A, I 
And, since h = H when r = R, 
h 2 A, r } 
m — comuepeeane ] Pt nee 
H - A In z 


1—g ‘hr 


Relation (6) was used in preparation of the theoret- 
ical pipe contour shown in Fig. 6. 








FOUNDRY NOISE AND ITS CONTROL 


By 


Herbert T. Walworth* 


The growing interest of management in industrial 
noise problems is brought about by the prospect that 
loss of hearing among workers exposed to excessive 
noise nay be considered compensable in certain states. 
It is not the purpose of this paper to discuss the legal 
aspects of this problem, but rather to review some of 
the technical factors of industrial noise exposures and 
their control in the foundry and other industries, and 
also to discuss briefly the background leading to our 
present problems, the plans which are being formu- 
lated for their solution and certain practical ap- 
proaches to noise control. 

It is important, therefore, that all of the unknown 
factors relating to this problem should be classified. 


Need for Industrial Noise Research 


It has been estimated that between 15 and 20 mil- 
lion adults in this country have defective hearing. 
Exposure to excessive industrial noise is only one of 
the causes of defective hearing, and thus industry is 
faced with the prospect of assuming responsibility for 
impaired health which was not caused by conditions 
of employment. Some of the more important items 
needing further research and study at this time are: 

1) The development of permissible safe noise levels. 

2) Practical procedures for determining or evalu- 
acing hearing loss. While pure tone audiometers are 
in common use, the procedure for operation in actual 
use may be subject to criticism because test room back- 
ground noise will usually exceed the decibels of hear- 
ing loss being tested. 

Medical departments and audiometric testing rooms 
in areas with noise levels below 50 decibels (common- 
ly recommended) do not seem practical for most in- 
dustrial facilities. 

3) Procedures for evaluating relative or percentage 
hearing loss. 

4) Specifications for construction of 
rooms for audiometric testing. 

5) Practical medical control programs for the noisy 
trades. 

6) Evaluation of permanent hearing loss in rela- 
tion to time of last exposure. 


acceptable 
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7) Measurement of impact noises. 

8) Noise control. The scope of noise control is so 
broad that years may be required before significant 
accomplishments are made. 

It is apparent that the scope of these problems sug- 
gests the need for early study and research. 

Research in Industrial Noise. A complete summary 
of the various aspects of noise and its effects on be- 
havior, the human ear, and communications was pub- 
lished by Kryter! in 1950. This report is a review, 
evaluation and interpretation of the experimental 
literature on noise up to that time, and should be re- 
quired reading for those more than casually inter- 
ested in this subject. 

In the middle 1940's, the Committee on Conserva- 
tion of Hearing of the American Academy of Oph- 
thalmology and Otolaryngology became interested in 
industrial noise and its effect on workers, and pro- 
moted discussions among professional groups to stim- 
ulate greater interest in the subject. The Sub-com- 
mittee on Noise in Industry of this committee insti- 
tuted a research program designed to evaluate some 
of the factors concerned with loss of hearing and in- 
dustrial noise. Other groups showed increased inter- 
est and many new research projects were instituted 
in various phases of the problem. However, it soon 
became apparent that the compensation aspects of in- 
dustrial loss of hearing were developing more rapidly 
than the results of scientific research. This, then, em- 
phasized the need for expanding these research pro- 
jects and broadening their scope. 

In the spring of 1952, two widely separated indus- 
try groups approached the Industrial Hygiene Foun- 
dation with the proposal to undertake the job of pro- 
moting and coordinating industrial noise research. 
The Foundation was selected because of its long as- 
sociation with industry in connection with industrial 
hygiene and health problems. Also, it has facilities 
and a staff to form the nucleous around which a prac- 
tical program can be developed. 

The Foundation agreed to study this problem and 
the project is now under way. When sufficient funds 
are available, the Foundation will promote specific 
research among those organizations already working 
in this field. Much of its effort will be directed to- 
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ward coordination of existing research, rather than 
to encourage the development of new facilities. As 
the program develops, it also will act as a clearing 
house for information on the broad field of industrial 
noise. 

In addition to offering facilities for doing this work, 
the Industrial Hygiene Foundation will have access 
to large groups of industrial workers for hearing field 
studies. It is through the examination of workers ex- 
posed to noise of different intensities and frequencies 
for different exposure periods which eventually will 
provide the data for establishing minimum permis- 
sible noise levels. 

Noise Effects on Work and Efficiency. It is quite 
generally believed that noise causes fatigue and thus 
reduces production and efficiency. With further ref- 
erence to Kryter’s' work, “...... field studies do not 
convincingly show that the noise encountered in cer- 
tain industries and offices has any detrimental or ben- 
eficial effect upon non-auditory tasks performed by 
man.” It was Kryter’s general conclusion that nearly 
all field and laboratory studies which reported that 
noise adversely affects work output were open to criti- 
cism because of poor study techniques and failure to 
control related variable factors, such as lighting, tem- 
perature and humidity. In fact, most of the well con- 
trolled studies revealed that steady noises do not ad- 
versely affect the ability of persons to do mental, and 
ordinary motor or mechanical tasks. 

Most of the research studies on the effect of noise 
on work output and efficiency did not consider noise 
effect on communication. It can be assumed that 
noise can interrupt, interfere with, or reduce the ac- 
curacy of communication. Therefore, the only way in 
which noise is definitely known to affect work and 
efficiency is through its effect upon the speed and ac- 
curacy of communication. Where communication is 
not a factor, the effects of noise on work efficiency are 
believed to be negligible. 

Permissible Noise Levels. The greatest value of well 
founded permissible or safe noise levels is as bench 
marks in the design of environmental control. Un- 
less permissible levels are based on scientific facts, 
however, an injustice may result to the exposed 
worker or an unusual burden will be placed upon 
industry. 

Many workers in the industrial health, medical and 
other fields have suggested permissible levels ranging 
from 75 to 115 decibels.t In practically all of these 
cases, the suggested levels are in over-all intensity in 
decibels without consideration of frequency. Most of 
these suggested values can be considered little more 
than guesses since they have limited or no scientific 
verification. 

A few workers have proposed tolerance levels in 
which frequency is considered. However, except for 
the lowest octave band, there is poor agreement 
throughout the remainder of the frequency spectrum, 
More recently, Hardy® suggested permissible levels 
which are shown in Fig. 1. 

According to Hardy the 50-sone and 100-sone 
curves suggest the lower and upper limits respectively 
of damage risk for prolonged daily exposures. In 
other words, it is suggested that noise levels in fre- 
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Fig. 1—Hardy’s® tentative hearing risk criterion. The 50- 

sone and 100-sone curves bracket the tentative lower and 

upper damage risk for prolonged daily exposure. These 

curves are tentative and subject to modification with the 
publication of new data. 


quency bands above the 100-sone line are definitely 
damaging to the hearing of exposed workers, while 
noises falling below the 50-sone line are considered 
safe. The area between these two curves includes all 
border-line noises which may or may not eventually 
be shown to cause hearing loss. 

Hardy presents these curves as tentative conclusions 
and admits that they are based on limited data. How- 
ever, even the limited substantiation presented ap- 
pears to justify the use of the curves as at least tenta- 
tive bench marks for the present. 

Foundry Noise. The evaluation of foundry noises 
presents many problems because of the great variety 
of operations and the influence one operation has on 
noise exposure at another. Open windows tend to de- 
crease noise exposures (by reducing reflections), and 
the construction of walls or the installations of metal 
shields may increase exposure by increasing reflec- 
tions. Plant layout and arrangement of equipment 
also affects the noise level. So does an increase or 
decrease in the number of operating machines. 

Because of the many variables in noise exposure, 
it is possible that noise levels inside a foundry may 
change one, two, or more decibels in any octave band 
from day to day. Variations of over 10 db can be ex- 
pected when the same operation is being performed 
on different pieces of work, Likewise, the noise ex- 
posures for similar operations may vary from one 
foundry to another. The noise produced by a ma- 
chine depends on its size, weight, speed, mounting, 
location with respect to other machines and reflecting 
surfaces, and state of repair. Thus, while the noise 
spectra reported in Figs. 2, 3 and 4 are typical of 
the foundry operations reported, they may not be the 
same for all foundries. 

The measurements reported here were made using 
the standard sound level meter in conjunction with 
an octave band analyzer. The importance of measur- 
ing noise in octave bands cannot be over-emphasized 
since it not only shows the contribution of different 
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Fig. 2—Foundry noise spectra at a molding operation and 
an electric furnace. 
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Fig. 3—Foundry noise spectra at shakeout operations. 
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Fig. 4—Foundry noise spectra at grinding and chipping 
operations. 
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frequencies to the total noise, but it also gives infor- 
mation as to where to start when considering control. 

Figure 2 shows the noise spectra for a molding op- 
eration and an electric furnace. It is interesting to 
note that the over-all level was 104 db in each case, 
but the distribution of noise by octave bands varied 
considerably. The greater part of the energy of the 
electric furnace noise was in the lower frequencies, 
while the energy of this particular molding operation 
was in the higher frequencies. 

Figure 3 presents three noise spectra of shakeout 
operations. The solid line shows the noise picture of 
a vibrating grill type shakeout handling large cast- 
ings. This curve has a general upward trend, with the 
highest noise levels in the four upper octave bands. 
The dotted curve represents the noise from the vibra- 
ting grill alone. The two curves are somewhat similar 
in shape, but the noise levels are lower with the vi- 
brating grill alone. 

The spectrum for rod shakeout was similar to large 
casting shakeout, but noise levels were slightly lower. 
The higher noise level in the 600-1200 octave band 
for the large castings shakeout may have been caused 
by the shape of the castings which produced and 
amplified the noise in this frequency band. 

Figure 4 shows noise from chipping and grinding 
operations. Most chipping operations will result in 
considerably higher noise levels in all octave bands 
than those shown. In this case, chipping was being 
done on small castings with a small tool. Grinding 
noise also may be higher in many situations since in- 
tensities will be influenced by the number of ma- 
chines, type of metal and castings, and the size and 
shape of casting. The general trend of these curves is 
upward in the higher frequencies. 

In general, these spectra illustrate the concentration 
of noise in the higher frequencies, an area which is 
potentially damaging to the ears of exposed workers. 
They further illustrate some of the complicated con- 
trol problems facing the foundry since shakeout and 
chipping operations in particular do not lend them- 
selves to the simpler control methods. In any case, 
the first step in noise control is evaluation of the po- 
tential hazard, followed by a program of re-evalua- 
tion as exposures are controlled or improvements 
made. 

Noise Control 

Noise control for worker protection has not been 
generally practiced in most modern industries. Many 
of the advances in this field have been made in quiet- 
ing offices, hospitals and schools for the purpose of 
improved comfort, However, since useful knowledge 
in scientific fields grows with practical experience, 
an understanding of the basic principles of industrial 
noise control and their application should form the 
basis for rapid progress in this field. These basic prin- 
ciples are: 

Quiet the Source 

Just as industrial dusts, fumes, vapors and gases are 
best controlled at the point of origin, so are the great- 
est benefits derived from noise control at the source. 
This can be accomplished through emphasis on noise 
control in machine design, redesign after installation, 
or machine maintenance. The ideal approach, of 
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course, is noise reduction through improvements in 
design. 

Many manufacturers have done outstanding jobs in 
this respect, although much of the noise reduction 
has been accomplished in connection with items sold 
to the public, such as automobiles, refrigerators, home 
appliances, etc. As time goes on, industrial purchasers 
will demand quieter machines, and designers and sup- 
pliers will be required to give more consideration to 
these factors. 

As the foundry industry recognizes and evaluates 
its noise problems, it will be in a better position to 
make changes in operating machines that will be 
favorable to noise reduction. Gear noises, loose bear- 
ings, noisy conveyors, escaping compressed air and 
steam and similar noise sources can be quieted 
through engineering and maintenance department 
changes. The noise caused by escaping waste com- 
pressed air is easily controlled by use of a simple muf- 
fling device packed with brass or other metal turnings 


(Fig. 5). 
MUFFLER 





PACKED WITH 


WASTE AIR —» ——— METAL TURNINGS 














Fig. 5—WNoise control from waste compressed air by use 
of muffler. 


Other considerations to bear in mind when controll- 
ing noise at its source are: 

1) Determine the vibrating surfaces 

2) Reduce area and number of vibrating surfaces 

3) Avoid vibrating or impact forces 

4) Avoid high frequency vibrations 

a) Control by increasing weight 
b) Decreasing speed 

5) Use rubber or other dampening materials 
wherever possible 

6) Provide regular maintenance 
Substitute Less Noisy Operations or Machines 

Certain operations may lend themselves to a form 
of substitution which will provide for the elimination 
of noisy operations. Examples of this method of con- 
trol include substitution of “squeeze” type of equip- 
ment and welding for riveting operations, and chemi- 
cal cleaning of metal for high speed polishing wheels. 
The engineering departments of many industries 
should be in an advantageous position to consider 
such methods of control in its development activities. 


Increase Distance Between Source and Worker 

The application of distance to noise control is 
simple in theory, although it may not always be prac- 
tical in practice.For example, the necessity for oper- 
ating a shakeout machine at a particular location may 
make it impractical to move that machine. However, 
much can be accomplished in noise reduction if this 
principle is applied in plant layout, or when relocat- 
ing machinery. 

Noise reduction by increasing distance follows the 
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inverse square law. Thus, by doubling the distance 
from the source, the sound intensity is reduced to 
one fourth of the original intensity. Trippling the 
distance reduces ‘the intensity to one ninth. It may 
be possible, therefore, to effectively reduce noise ex- 
posure by minor adjustment in plant layout. The 
effect of distance is roughly illustrated in Fig. 6. 


Q 


DISTANCE 


SOURCE 





60 Db 54 Db 50 Db 
INTENSITY= 1,000,000 110,000 
APPROXIMATE FIGURES 





Fig. 6—Noise control by increasing distance between 
noise source and exposed worker. 


Construct Barrier Between Noise Source and Worker 
The isolation of noise sources should have many 
applications in the foundry industry. This involves 
the construction of a wall or other barrier between 
the source and the exposed workers, or isolating the 
operation in a separate room. If the isolated machine 
requires an operator, protection may be provided by 
the installation of sound absorbing material or by 
supplying workers with adequate personal protective 
equipment. Thus, the efficient use of barriers, or iso- 
lation of especially noisy operations, can greatly re- 
duce the number of workers exposed to damaging 
noise. 
Reduce Noise Reflections by Absorption 

When nojse is emitting from a sound source, sound 
waves travel outward in all directions. When the 
sound wave encounters other machinery or walls, it 
is reflected in the same manner as light. As other 
surfaces are encountered, the wave is again reflected. 
Thus, every part of the room almost immediately is 
filled with sound waves traveling in every possible 
direction. 

These multiple sound reflections have the effect of 
increasing the over-all sound intensity. The total 
sound intensity will equal the sum of the intensities 
of the direct and indirect sound. In any foundry or 
other industrial operation, reflected sound can con- 
tribute materially to the noise exposure. In some 
cases, reflected sound can cause an increase of as much 
as 25 db over the intensity level of the direct noise 
alone. The control of noise by the absorption of 
sound is illustrated in Fig. 7. 

As mentioned above, noises in the higher frequen- 
cies are more damaging to the human ear. Fortun- 
ately, it is the noises of higher frequency which are 
more easily controlled. 

Reduce Exposure Time 

In atomic energy installations exposure to external 
radiations is limited to 300 milliroentgens per week. 
Various methods are used to measure total exposure 
to radiation, and when the exposure exceeds 300 
milliroentgens in any one week, the worker is re- 
moved from all radiation exposure and he is not per- 
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NOISE CONTROL BY ABSORPTION 





Direct Noise 





Source 








Fig. 7—Noise control by absorption of reflected sound. 


mitted to work until the average weekly exposure is 
reduced to below permissible levels. In the case of 
serious accidental exposure, the time away from the 
job might conceivably extend to several weeks. 

In a similar manner, the total exposure of workers 
to noise can be reduced by removing the worker from 
the exposure a certain period of time each day, or 
transferring the worker to a “quiet” area after spend- 
ing a certain period of time in excessive noise. Usu- 
ally the human ear can resist high noise levels for 
short periods and the provision of rest periods offers 
a method of averaging the high with low exposure 
levels. However, since permissible or safe noise levels 
have not been determined, it would be difficult to 
immediately measure the beneficial effects of 2-hr or 
4-hr relief periods from excessive daily exposures. 
Thus, the application of this method of worker pro- 
tection offers certain problems and the complete an- 
swers will be forthcoming only after further study. 
However, the practice of a well organized audiometric 
program makes it possible to regulate exposure time 
with sufficient accuracy to insure worker protection. 

Admittedly, this method of control offers many ad- 
ministrative problems, but unless industry can reduce 
harmful noise levels by engineering or other means, 
such measures may be necessary. 


Provide Personal Protection 

The use of respirators for protection against dusts, 
fumes, vapors and gases usually is considered only 
when conditions are temporary, or when ventilation 
or other engineering control is not practical. The 
application of this basic principle to the wearing of 
ear protectors, ear muffs or helmets for reducing noise 
exposures would be considered desirable. 
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There are certain operations and machines in the 
foundry industry which do not lend themselves to 
the application of engineering quieting procedures. 
For example, there is little prospect that grinding 
and chipping operations can be quieted at the source, 
and methods have not yet been developed which 
would allow the substitution of a quiet process. While 
it is possible that these operations might be isolated 
and the reflected sound absorbed by acoustical ma- 
terials, the operator would still be exposed to high 
noise levels, Thus, the only known protection fo 
the operation is suitable ear protection. 

Ear protectors are of three types*: 1) substances in- 
serted into the canal (insert types) ; 2) objects cover- 
ing the orifice of the canal (muff types) ; and 3) fitted 
coverings (helmets) which include the major area of 
the skull. The protection (reduction in decibels of 
sound reaching the inner ear) afforded by the various 
devices on the market will vary considerably. Perhaps 
25 or more decibels attenuation in all frequencies 
might be expected if the protectors are properly fit- 
ted. There have been no reliable scientific reports 
concerning the protection provided by various ear 
defenders and our principal source of information 
is from the manufacturers. 

The success of an ear protector program will hinge 
directly on program planning, the backing of manag- 
ment, and the effort made to “sell” and supervise the 
employees participating. Unlike respirators, insert 
ear protectors cannot be seen readily from a distance 
and close supervision will be necessary. 

In high noise exposures, many employees plug their 
ears with dry cotton for protection. This practice has 
been proven to be of no value in excluding noise, 
but the supervisor may encounter difficulty in con- 
vincing the employee that he should wear an “ac- 
ceptable” protector which may be uncomfortable to 
wear. 

Following are hints which may be helpful in in- 
stituting an ear protector program: 

1) A reasonable supply of ear protectors should be 
kept on hand, as they are small and easily misplaced. 

2) Ear protectors should be cleaned daily. 

3) A suitable lubricating jelly should be readily 
available where permanent type protectors are used. 

4) Workers should be encouraged to replace de- 
fective protectors promptly. 

5) Workers should be instructed to select the largest 
size which will fit into the ear canal. Employees have 
a tendency to select the smaller sizes of protectors 
because they are more comfortable. 

6) When purchasing ear protectors in quantity, it 
has been suggested that the total order include sizes 
in the following proportions”: small, 15 per cent; 
medium, 70 per cent; large, 15 per cent. 


Discussion 


In the minds of many people the complete answer 
to noise control is the use of acoustical materials. 
While these products have many valuable applica- 
tions, they are not the answer to all noise prob- 
lems. Occasionally, acoustical materials are sold with 
the promise that the noise in a given situation will 
be reduced by a high percentage. Usually, such claims 
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refer to a reduction of energy or loudness by these 
percentages, although the customer may believe that 
the anticipated reduction is in decibels. The fol- 
lowing table gives a comparison of noise reduction 
in decibels and the corresponding percentage reduc- 
tion of energy and loudness. 


NoIsE REDUCTION 








Decibels Energy, % Loudness, % 
l 20 5 
3 50 20 
5 70 33 
10 90 55 
20 99 80 





Thus, a one decibel reduction will result in 20 per 
cent decrease in energy and a 5 per cent decrease in 
loudness. Likewise, a reduction of 3 decibels cor- 
responds to 50 per cent decrease in energy and a 20 
per cent decrease in loudness. 

Many acoustical materials have low resistance to 
wear and abrasion and in certain industrial opera- 
tions their value may be quickly destroyed. Exposure 
to abrasive materials, steam, acids, alkalis and me- 
chanical shock may reduce the noise absorption prop- 
erties and rapidly reduce their effectiveness. There- 
fore, the use of these materials must be properly 
engineered in order to realize their greatest value. 

Medical Control. /t is not the purpose of this paper 
to outline a medical control program for noisy oc- 
cupations. However, many of the phases of suggested 
medical control programs for the noisy trades 
need clarification. The establishment of audiometric 
programs should be made with the full realization 
of the possible pitfalls and the probable results which 
may be realized. Among other things, the application 
and use of speech versus pure tone audiometry should 
be clarified. 

Further information regarding medical control in 
the noisy trades may be secured by contacting the 
Sub-committee on Noise in Industry of the Commit- 
tee on Conservation of Hearing of the Academy of 
Ophthalmology and Otolaryngology. 


Conclusions 

Industrial noise exposures are by-products of the 
growth and mechanization of industry. 

The prospect that industrial loss of hearing may 
become a compensation problem emphasizes the need 
for increased activity in the field of noise control. 
Scientific advancements in this field have been slow 
and we are in need of much additional medical and 
engineering information. However, present knowledge, 
if used and properly applied, will go a long way 
toward the protection of workers exposed to excessive 
noise. Industrial noises can be measured with equip- 
ment now available and by techniques which have 
proved satisfactory. While permissible noise exposure 
levels have not been definitely established, sufficient 
data are available which at least classify noisy opera- 
tions into “excessive,” “border-line’’ and “safe’’ cata- 
gories. 

After having classified its noise hazards, the foundry 
industry can establish control programs based upon 
the discussion presented above. For the noise hazard 
which cannot be controlled by use of the plant's 
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existing facilities, there are consulting organizations 
which may be employed to give these problems 
detailed consideration, For those situations which 
still do not lend themselves to engineering control, 
individual worker ear protection is still available. 
Of course, any such program should include medical 
control using approved audiometric procedures and 


techniques. 
In the final analysis, the success of industrial noise 


control programs will depend upon industry's desire 
to study and control its own hazards. 
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SOUND AND ITS PHYSICAL PROPERTIES 


SOUND: Sound is a series of alternate waves of compression 
and rarefraction, set up in a transmitting medium such as 
the atmosphere by a mechanically vibrating body. In the 
atmosphere, sound waves are radiated spherically. When 
these waves are received by the human ear, they are trans- 
lated into sound through the hearing mechanism. 

CYCLE: One complete forward and backward movement of 
the vibrating sound source which produces one complete 
sound wave. 

FREQUENCY: The number of cycles per second of time, or 
the number of waves reaching the ear per second. 

HEARING: Hearing is the mechanism by which sound waves 
are transmitted into sensations of sound. Pitch is the sen- 
sitivity of the ear to sound frequency. The ear can distin- 
guish frequencies ranging from 20 to 15,000 cycles per sec- 
ond. Thunder, for example, is composed of low pitched 
sounds, while the chirp of insects represents high pitched 
sounds. Middle C on the piano is 256 cycles per second, 
and each octave above is twice the frequency preceding. 
The human ear is a sensitive and versatile mechanism, for 
it measures many of the physical properties of sound over 
wide ranges. In addition, it measures loudness of sound, a 
property which cannot be directly measured by scientific 
instruments. 

INTENSITY—DECIBELS: The ear is capable of receiving a 
large range of sound intensities. The loudest sound the ea 
can hear without pain (120 decibels) is one trillion times 
the intensity of the faintest audible sound. Because of this 
wide range of intensities, the decibel has been adopted as a 
more convenient unit to use in calculations. The decibel is 
a unit for measuring the ratio of two amounts of acoustical 
power (sound intensity or pressure). 

The decibel is a logarithmic unit and thus cannot be added 
or subtracted as we do length, weight and time. If the in- 
tensity of any sound is doubled, there will be a correspond- 
ing increase of approximately 3 decibels. For example, two 
horns each of 60 db intensity or sound pressure will yield 
a combined intensity of 63 db and not 120 db as is some- 
times believed. 

Also, one decibel increase corresponds to an increase in 
intensity of approximately 26 per cent. 

LOUDNESS: ‘Two sounds of the same intensity level, but of 
different frequencies do not necessarily sound equally loud. 
Neither does one sound having double the intensity of an- 
other sound appear twice as loud. The reasons for this are 
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INTENSITY LEVEL IN DECIBELS 





20 100 $00 1000 5000 610000 
FREQUENCY IN CYCLES PER SECOND 


Fig. 8—Fletcher-Munson equal loudness contours.® 


at least partially explained in Fig. 18, which shows the 
Fletcher-Munson curves of equal loudness. The curves were 
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constructed on the basis of loudness judgments of larg: 
numbers of persons with normal hearing. Each point on 
one of these lines or contours represents a sound which 
appears to the average normal ear to be just as loud as 
the sound represented by every other point on the contour 
For example, if a tone of 1000 cycles per second (cps) is 
set at 50 decibels intensity level, the loudness would be the 
same as a 100 cps tone of 67 decibels (follow 50 phon linc 
to intersect 100 cycle frequency and read 67 decibels). 
This chart leads to the following conclusions: 
a) High frequency sounds at low intensity levels seem 
louder than low frequency sounds of the same intensity 
b) At high intensity levels, all tones sound almost equally 
loud at all frequencies. 


NOISE MEASUREMENT: Intensity levels of noise are meas 


ured in decibels by means of the sound level meter. When 
used with the octave band analyzer, it is possible to meas 
ure noise intensity levels in octave bands ranging from 20 
75 cps to 4800-10,000 cps. When evaluating noise exposures, 
it is important to use the octave band analyzer since there 
are indications that noise exposures in the middle and high 
frequencies are more damaging to the hearing mechanism 
than those in the low frequencies. In addition, the collec 
tion of frequency data usually gives valuable information 
for noise control. 
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ENGINEERING ASPECTS 


By 


OF CENTRIFUGAL CASTING* 


John F. Wallace** 


ABSTRACT 


Centrifugal casting is conducted by three methods: true cen- 
trifugal, semi-centrifugal, and centrifuged castings. In the true 
centrifugal method, the mold is spun about its own axis and 
at least part of the useful interior surface is formed by cen- 
trifugal force. The true centrifugal casting process in hori- 
zontal molds is widely used for the manufacture of cast iron 
pipe, gun tubes and cylinders of steel, heat resistant metals, 
and copper-base alloys. The vertical axis, true centrifugal 
process is employed to manufacture cylinder barrels, short 


tubes, gears, and liners. Semi-centrifugal casting is utilized for 


the casting of disc-shaped and annular castings spun about 
their axes with cores used for internal surfaces. Centrifuged 
castings are small similarly shaped parts located in symmetrical 
stacks about a central sprue. Both semi-centrifugal and centri- 
fuged castings are produced in vertical axis machines. Metal 
and sand molds are employed for true centrifugal castings but 
the semi-centrifugal and centrifuged processes usually use 
sand molds. 

True centrifugal castings will produce a high quality product 
by the elimination of gaseous cavities, the removal of non- 
metallics to the inside surface, and the assurance of a sound 
casting. Both true, semi-centrifugal, and centrifuged castings 
can be produced with a high yield and excellent metal flow 
and detail. Centrifugal castings are subject to defects, such as 
hot tears, laps, undesirable segregation, and refractory failure 
but these defects can usually be easily detected by inspection. 
Metal molds will increase metallurgical quality, reduce segre- 
gation, and increase the production rate, but sand molds are 
more adaptable and reduce the occurrence of laps. 

Centrifugal casting is in competition with the forging and 
static sand casting processes. The dimensions, quality, and vol- 
ume requirements of the casting dictate the most economic 
method of production. The centrifugal casting process selected 
on this basis has a definite field in which its use is advantageous. 
The process is no panacea for casting ills, however, and should 
be confined -within these limitations. 


Introduction 


This paper is intended to review and describe the 
various types of centrifugal casting and to evaluate 
the engineering aspects of each type. Centrifugal 


*Part of a thesis for Master of Science Degree in Metallurgy 
Department at Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
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Corps. The opinions given in the work are those of the 
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casting has been utilized for various types of parts 
and been periodically investigated since the inaugura- 
tion of this method by the patents of Anthony Eck- 
hard, an Englishman, in 1809.1 While this process 
has now been improved so that it has several advan- 
tages that dictate its use for certain products, this con- 
dition has only been a development in the last 30 
years. Centrifugal casting absolutely required the in- 
troduction and development of the electric motor to 
solve the problem of a simple, dependable, and inex- 
pensive driving mechanism for rapidly rotating the 
molds.” 

The engineering aspects of centrifugal casting can 
be more simply described as a study of when it is 
economically and technically advantageous to util- 
ize each type of this process in comparison with other 
methods. There are two separate methods with which 
centrifugal casting is in direct competition: static 
casting and forging.* The engineering decision to em- 
ploy any given process depends upon how the relative 
advantages and disadvantages of each method are af- 
fected by the characteristics of the particular item be- 
ing manufactured. 

There is no previously recorded study on the en- 
gineering aspects of centrifugal casting, but several 
articles have been published discussing the economics 
and technical limitations of the various methods of 
centrifugal casting and the use of the process for spe- 
cific applications. The American Foundrymen’s So- 
ciety published a complete Bibliography of Centrifu- 
gal Casting up to 1949 by Taylor and Register. In 
addition to a bibliography, this work contains a his- 
tory of the development of centrifugal casting and a 
discussion of fundamentals that briefly cover some of 
the salient economic and technical points. The Amer- 
ican Foundrymen’s Society also published a Sympos- 
tum on Centrifugal Casting* that contains a group of 
several important technical articles on the subject. 
Papers by Donoho,® Weber,® Zuehlke,® and Janco? in 
this symposium all discuss some aspects of engineer- 
ing in centrifugal casting. 

Donoho’s* paper compares the advantages of cen- 
trifugal casting with static casting and forging in con- 
siderable detail. Weber® describes the difficulties and 
limitations of centrifugal casting machines. Zuehlke® 
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discusses the various types of equipment, some of the 
metallurgical advantages, and economic considera- 
tions compared to sand castings. Janco,? in his article 
in this Symposium, is concerned with the practica- 
bility of centrifugal casting and some of the economic 
advantages. 

Briggs? describes some of the more successful cen- 
trifugal casting processes and products, the limita- 
tions of the process, and some cost considerations. 
Dickson® in an article written on centrifugal casting 
of gun tubes at Watertown Arsenal has listed several 
metallurgical and economic advantages of horizontal, 
thick-walled castings. Some of these advantages have 
to be amended somewhat in the light of additional 
gun casting experience, but many of these factors 
have been substantiated by a production program. 
Donoho® describes the adaptability of several advan- 
tages of centrifugal castings to the manufacture of spe- 
cific tubular products. Unfortunately, some enthus- 
iasts for centrifugal casting have made claims for the 
process that have been tar beyond the capabilities. 
These writers have rendered centrifugal casting a 
disservice. Fortunately, articles by Taylor,! Briggs,” 
Zuehlke,* and Cammen’® have pointed out the limita- 
tions of the process with respect to competition with 
other casting methods, increasing density, occurrence 
of special defects, and elimination of impurities. 

A surprisingly small amount of technical literature 
has appeared on the subject of centrifugal casting. 
The overwhelming amount of this literature has been 
on one specific phase of only one type of centrifugal 
casting. A review of the literature is considerably ex- 
pedited by the use of the bibliography of Taylor and 
Register.! A review of the articles contained: in this 
bibliography and more recent work reveals only a 
few*9-11,12 that could be considered to be general in 
scope. Proper coverage of this subject requires con- 
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Fig. 1—Diagram of operations of DeLavaud Process for 
cast iron pipe manufacture (Stuart). 
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sideration of the individual articles on each specific 
phase. On the basis of this study, together with un- 
published Watertown data on centrifugal casting, an 
engineering evaluation of the applications of this pro 
cess can be obtained. 
Definitions 

Centrifugal casting is divided into several inter- 
locking categories. The field can be separated by the 
type of metal that is being cast, the orientation o! 
the axis of rotation of the centrifugal casting machine, 
or the type of mold utilized. The most important 
difference in the methods of casting, however, is con- 
cerned with the shape of the casting and the effect 
centrifugal force has in producing this shape. Accord- 
ingly, the field of centrifugal casting is usually divided 
into three types: true centrifugal casting, semi-cen- 
trifugal casting, and centrifuging. In true centrifugal 
casting, the mold is spun about its own axis and at 
least part of the interior surface is shaped by centrif- 
ugal force without the aid of a core. In semi- centrif- 
ugal casting the mold is spun about its own axis and 
the centrifugal force generates pressure towards the 
outer section to assist in feeding. This method is usu- 
ally used for disc-shaped pieces. Centrifugirg is ex- 
clusively a vertical axis type in which the molds are 
spaced symmetrically around a central down sprue 
that is also the axis of rotation. The metal enters 
each mold cavity through radial ingates from the cen- 
tral sprue. 


True Centrifugal Casting 
Pipe Manutacture—Horizontal Axis—Metal Molds 

The most widely used of centrifugal casting meth- 
ods is true centrifugal casting. This process has been 
particularly successful in the manufacture of cast iron 
pipe. The pipe are produced in a machine rotating 
about a horizontal axis in both metal and sand-lined 
molds. The product of both methods compares fav- 
orably with soil pipe cast by the normal static sand 
casting procedure. 

The production of cast iron pipe!’ in metal molds 
is known commercially as the De-Lavaud process. The 
casting machine consists of a cylindrical steel mold, 
surrounded by a water jacket and mounted on rollers 
so that it can be rotated within the water jacket. The 
jacket-mold assembly can be moved longitudinally to 
the axis of the mold on a fixed bed inclined slightly 
to the horizontal. —The molten iron is fed into the 
mold through a refractory lined trough that is simi- 
larly inclined to the horizontal. The trough has a 
pivoted ladle at one end and a small curved spout at 
the other. The ladle contains sufficient metal for one 
pipe. The spout directs the molten metal in the 
trough towards the side wall of the mold, The ladle 
is tilted at a uniform rate by an electric hoist to pour 
a constant stream of molten iron into the trough. The 
steel mold is coated with a silica base refractory wash 
utilizing a special spraying nozzle before each cast. 
A schematic diagram of the equipment and the four 
operations mentioned above is shown in Fig. 1.1% 

The pipe manufactured varies from 3 to 24 in. in 
diameter and 12 to 18 ft in length. The speed of ro- 
tation of the centrifugal casting machines during pro- 
duction of pipe in metal molds is determined by the 
inside dimensions of the pipe. In practice, a centrif- 
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ugal force of approximately 60 times the acceleration 
of gravity or 60g is obtained at the inside diameter of 
the casting. The centrifugal force at any point in a 
true centrifugal casting can be calculated as: 


F — ® 4n?N,°R 
a 


where F = Centrifugal force in pounds 
W = Weight in pounds 
N, = Number of revolutions per second 
R = Radius or distance of that point from 
axis of rotation in feet 
g = Acceleration of gravity in feet per sec- 
ond squared 
The pounds of force per pound of metal or cen- 
trifugal force x gravity (g's) is: 
4n?N?R 
3600 x 32.2 


where N = Number of Revolutions per minute 

The calculation of centrifugal force in further detail 
is described by Carrington’ and some excellent no- 
mograms for practical use are published by Donoho.® 

The manufacture 0° , ipe in this manner is limited 
in several important « pects. The thickness of the 
tube must be restricted so that all solidification occurs 
from the outside towards the center. A bell and bell 
core can only be placed on one end to permit the 
tube to contract freely longitudinally. The process 
is limited to a type of metal that flows well, such as 
the gray cast iron used, and will not erode the refrac- 
tory trough severely. 

In this process, the metal leaves the spout at the 
end of the trough travelling in the direction the mold 
is rotating and is picked up immediately by the re- 
volving metal mold. The mold-jacket assembly is re- 
tracted at such a rate that an even helix of molten cast 
iron is laid upon the rotating mold with a slight over- 
lap to assure good fusion. The rotation and pour is 
rapid enough so that the previous spiral has not solid- 
ified before another spiral is placed next to it. Cen- 
trifugal force maintains a smooth, even cylindrical 
shape on the inside surface of the pipe. The speed of 
rotation must be rapid enough to prevent any slip- 
ping between metal and mold. 


Properties of Horizontal Centrifugally Cast Pipe 

The mechanical properties of the cast iron pipe pro- 
duced by true horizontal centrifugal casting compare 
favorably with cast iron produced by static methods. 
The rapid unidirectional solidification assures a fine 
grained, uniform, well fed structure. The centrifugal 
force removes all gas holes and assists in forcing 
lighter constituents such as non-metallic inclusions 
towards the center, but solidification is so rapid that 
complete elimination is not possible. The rapid solidi- 
fication permits little segregation of the cast iron. 
The pipe is resistant to impact and makes a strong 
durable soil pipe. 

The principal defects in the process are the occur- 
rence of laps, cracks, and non-metallic bodies in the 
pipe. Laps result from the improper fusion of suc- 
cessive layers of cast iron, cracks from non-uniform or 
restricted contraction of the pipe, and the non-metal- 
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lics are broken away from either the ladle or trough. 
The process has been developed to an extent, how- 
ever, where the occurrence of defects is infrequent. 

The manufacture of cast iron pipe by the true, hori- 
zontal centrifugal casting method in metal molds has 
two competitors: centrifugal casting in sand molds 
and static casting in sand molds. The metal mold 
centrifugal process has the advantages of very high 
quality, high production rate, and low rejection per- 
centage. It is necessary to replace the chill molds 
after considerable use and to anneal the pipe after 
casting. The centrifugal casting machines are expen- 
sive and are more complicated than those required 
for sand molds. The process cannot manufacture pipe 
requiring bells on both ends and a considerable order 
of pipe of one size is necessary in order to effect the 
high mold cost. 

Where the process is applicable within number and 
size limitations, it is in competition with the sand 
mold centrifugal process. The quality and produc- 
tion rate potentials are usually too great for static 
sand casting to overcome in the field. The quality 
and high production rate also have somewhat of an 
advantage over the sand-lined mold method, but this 
process does not require such a large expenditure for 
the machine or mold and the pipe does not have to 
be annealed after casting. Both centrifugal processes 
have the advantage of nearly 100 per cent casting 
yield, i.e. no metal required for gates or risers. 


Manufacture of Gun Tubes 


Because of the long, thin cylindrical shape of gun 
tubes, this product is suitable for manufacture by the 
true, horizontal, centrifugal casting process. The 
thick wall of the tubes compared to cast iron pipe not 
only interposes many problems but requires the ex- 
clusive use of metal molds. About 1928 at Watertown 
Arsenal and reported to be about that time in Ger- 
many,!® experiments were started that led to the in- 
dependent development of two satisfactory techniques 
for gun tube and thick-wall steel cylinder manufac- 
ture. 

The Watertown Process consists of pouring molten 
steel at a slow rate into the larger or breech end of a 
horizontal, centrifugal casting machine. Molten steel 
of the desired analysis and temperature is melted, 
alloyed, and brought to pouring temperature in a 
high-frequency electric induction furnace. It is poured 
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Fig. 2—Diagrammatic sketch of centrifugal casting ma- 
chine for gun tube production. 
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Fig. 3—Section view of pouring boxes for gun tube production (Martin). 
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into the rotating mold through a refractory-lined 
pouring box with a refractory spout on the bottom 
front section. The spout is small in diameter (34 in. 
or smaller) and is placed so that it is almost in con- 
tact with the breech refractory seal and located at the 
rotational axis of the mold. The mold is a heavy 
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Fig. 4—Pouring spout and breech 
seal assembly view for gun tube 


= 3 production (Martin). 


cast iron type that extracts the heat from the casting 
while spinning and is cooled between casts by air on 
the outer surfaces. The inner surface of the mold is 
sprayed lightly with a refractory wash before each 
pour. The mold is placed in a heavy steel rotor that 
rotates on several rollers under the force imparted by 
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Fig. 5—Details of gun tube centrifugal casting machine 
construction (Martin). 


an electric motor drive. Two rollers are also posi- 
tioned at the top of the rotor to prevent bouncing 
during the spin. The mold is usually rotated at a 
constant speed of from 1000 to 1400 rpm until all the 
metal has been poured to impart a force of approxi- 
mately 30 g’s to the inner surface of the bore. 


A diagrammatic ay. of the machine construc- 
tion is shown in Fig. 2, indicating the essential fea- 
tures of the machine. It is to be noted that the cast- 
ings are removed by means of a pneumatic-hydraulic 
ram located at the driving end of the machine. Cast- 
ing machines of this type are utilized for the produc- 
tion of gun tubes of from 4 to 20 in. in outside diam- 
eter and 7 to 25 ft in length. Figure 316 demonstrates 
the types of refractory pouring boxes utilized; Figure 
416 shows various methods of sealing the pouring end 
of the mold and Fig. 51° indicates the mechanism used 
to attach the steel rotor to the drive shaft and cast 
iron mold to the rotor. A photograph indicating the 
overall arrangement in pouring position of all the 
equipment is shown in Fig. 6. 


The usual German process in horizontal axis ma- 
chines differs from the Watertown method in several 
important respects. The mold is of a thin-walled, low 
alloy steel type and rotates in a water jacket through- 
out the cast. The tubes are poured at the smaller or 
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Fig. 7—Sectional view of water-cooled German centrifu- 
gal casting machine. 


muzzle end and tilted slightly downward at the non- 
pouring end (about 5 degrees) during the pour. The 
mold is not sprayed to prevent fusion, but a thin layer 
of dry, fine, white silica sand is spread on to the mold 
surface by means of a special, movable trough and 
held at this location by centrifugal force. The molten 
metal does not impinge directly on the mold but en- 
ters by means of a refractory funnel positioned at the 
pouring end. A sketch of the construction of this ma- 
chine is contained in Fig. 7. 

The gun tubes manufactured by both the Water- 
town and German methods require machining of 
metal from both the inside and outside of the tubes 
to remove segregated or defective material and heat 
treatment to develop the optimum properties. The 
alloy steel tubes are extracted from the casting ma- 
chines at about 1600 F and must be slowly cooled to 
prevent flaking. Following this, the tubes are normal- 
ized and tempered, turned and bored to remove de- 
fects and to bring to desired dimensions, and then 
heat treated by liquid quenching and tempering. The 
metal at the external surface of the casting contains 
laps, scale, and adhering sand with the German pro- 
cess. The metal at the inside diameter contains the 
lighter segregated elements, large non-metallic inclu- 
sions, and slag forced to the inner wall. Consequently, 
this metal must be removed to obtain desired results. 


Melting Control 
Furnace Hoist Panel 

















Fig. 6—Centrifugal casting machine equipment in operating position. 
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Fig. 8—Diagram of layer formation in production of cold 
shuts of laps. 


The manufacture of tubes by either process is lim- 
ited to the size and number of castings that can be 
economically produced. Tubes with a large outside 
diameter (over 20 in.) are difficult to produce without 
longitudinal hot tears.17 The process cannot economi- 
cally compete with forging and rolling methods under 
4 in, in diameter of tube. Since the metal is only 
poured from one end of the tube during this process, 
it is not usually desirable to attempt to manufacture 
castings much in excess of 25 ft in length. Castings 
greater than this length have such deep laps that must 
be removed by machining that the tubes have to be 
cast with too much additional stock for economic pro- 
duction, and the mechanical problem of controlling 
the machine becomes serious. 





Fig. 9—Transverse macro-etched disc of centrifugal cast- 
ing showing longitudinal hot tear. 
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Fig. 10—Macro-etched tube sections indicating layer and 
lap formation in centrifugal castings. 


The quality of centrifugally cast gun tubes is such 
that they are the equal of properly manufactured gun 
forgings in every respect. The tensile and impact 
properties of centrifugal castings is as high as forgings 
in the radial and transverse directions of principal 
stress. It is necessary to use high quality steel, how- 
ever, to assure these excellent results. The action of 





Fig. 11—Cold shut contained in transverse macro-etched 
disc of centrifugal casting. 
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Fig. 12—-Transverse hot tear shown in longitudinal cen- 
trifugal cast tube section. 


the centrifugal force on the metal assures a complete 
absence of gas pockets, and the centrifuging of the 
larger non-metallics to the inner wall. The chill mold 
utilized produces rapid solidification with a minimum 
of macro and micro segregation and the assurance of 
excellent unidirectional solidification to eliminate 
shrinkage or micro porosity. 

The occurrence and prevention of defects in large 
steel, thick-walled, centrifugal castings is a consider- 
able problem. Considerable space, therefore, will be 
devoted to describing these defects, their causes, and 
prevention. The same types of defects are found in 





Fig. 14—Transverse macro-etched disc of centrifugal cast- 
ing with spin stopped abruptly. 


tubes produced by both the Watertown and German 
methods.'§ Since these tubes are poured from only 
one end, a method of spreading the metal over the 
mold surface evenly and rapidly has to be obtained 
to prevent the formation of deep laps or cold shuts 
between successive layers or waves of molten metal 
proceeding from the pouring to the non-pouring end. 

Figure 8 contains a diagram of the layer or wave 
formation that produces the laps or cold shuts. The 
spreading of metal over the length of the mold is im- 
proved by faster rates of pour and higher speeds of 
rotation. However, increasing these variables beyond 
a certain critical amount will cause longitudinal and 
spiral hot tears in the casting. These hot tears are 
caused by the internal pressure of the molten steel, 
under the action of centrifugal force, acting against 
the solidified outer shell of steel. This solidified shell 
shrinks away from the supporting mold wall due to 
solidification contraction and has low strength and 





Fig. 13—Transverse macro-etched disc showing center 
porosity from non-unidirectional solidification or machine 
tailure. 


Fig. 15—Transverse macro-etched disc from centrifugal 
casting showing pitted structure (Smith). 








Fig. 16—As-cast macro-etched disc from centrifugally cast 
gun tubes showing (A) odd-shaped segregation ring and 
(B) multiple segregation rings (Smith and Bender). 


insufficient ductility to permit yielding at the higher 
steel temperatures.17 High internal pressures must 
be avoided, then, by keeping the rate of pour and 
speed of rotation as low as is conducive with the elim- 
ination of serious laps. The manufacture of accept- 
able centrifugally cast, thick-walled tubes, then, re- 
quires an accurate, technically controlled balance be- 
tween the rate of pour and speed of rotation. 
Photographic evidence of the types of defects which 
occur are shown in Figs. 9, 10 and 11. Figure 9 dem- 
onstrates a deep longitudinal hot tear as it appears 
in a transverse macro-etched disc sectioned from the 
casting. Further indication of the layer formation 
causing cold shuts and the lack of fusion at these 
layers is shown in Fig. 10. The top view of this fig- 
ure contains a longitudinal section from this tube and 
the bottom of this photograph is a view of a trans- 
verse section from the tube. In Fig. 10, the pouring 
of the casting was interrupted and these photographs 
of the end of the tube farthest from the pouring end 
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were taken to demonstrate the cause and effect of 
cold shuts. The appearance of a cold shut or lap in 
a transverse section of a complete tube is shown in 
Fig. 11. 

Some other defects also occur in centrifugally cast 
gun tubes that are of sufficient importance to warrant 
discussion. These include the transverse hot tear and 
the undesirable segregation of elements. Transverse 
hot tears are produced at a similar period during the 
casting as longitudinal hot tears but have a different 
cause. These defects result from the inability of the 
casting to freely contract during the cooling period 
immediately following solidification. If the casting 
becomes fastened at both ends or at one end and along 
the length, it will tear itself apart during this period. 
This problem was so severe in the Watertown method 
that equipment was designed to apply approximately 
1000 Ib to the smaller or muzzle end as soon as the 
solidified shell can support this pressure. This force 
is maintained by the ram throughout the solidifica- 
tion and cooling period to assist contraction and re- 
duce transverse hot tears. A photograph of a longi- 
tudinal section of a centrifugal casting containing a 
transverse crack is shown in Fig. 12. 


Segregation of Non-metallics 

Some segregation of the lighter elements and non- 
metallics to the inner surface of centrifugal castings 
is to be anticipated and desired. This normal type 
of segregation can be observed at the center of the 
macro-etched disc in Fig. 9. The segregated center of 
these tubes contains approximately 114 times more 
carbon and a considerably higher phosphorus and sul- 
phur content than the remainder of the tube, in addi- 
tion to a large amount of non-metallics. If this segre- 
gation becomes marked outside this inner wall, how- 
ever, the quality of the tube is reduced. This marked 
segregation is the result of either improper machine 
operation, large machine vibrations, or too high a 
pouring temperature. Photographic evidence of the 
influence of these factors on transverse macro-etched 
discs cut from the tubes are shown in Figs. 13, 14, 15 
and 16. The result of a machine breakdown that 
caused a reduction in the speed of rotation before 
complete solidification is depicted in Fig. 13. The 
center of this casting is porous because of improper 
directional solidification under centrifugal pressure. 
The influence of an abrupt casting machine stoppage 
after pouring had been completed and solidification 
initiated is indicated in Fig. 14. 

Machine vibration, the establishment of resonant 
frequencies, and lack of proper dynamic balance re- 
sult in two types of castings that do not represent the 
optimum in casting quality. The first of these types 
always demonstrates a larger “as cast” central bore in 
the casting at the muzzle or non-pouring end than 
at the breech or pouring end. This difference in hole 
size is accompanied by segregated dark spots in the 
center of the tube as shown in Fig. 15.19 The spots 
shown in this disc contain segregations of carbon, sul- 
phur, phosphorus, and non-metallic inclusions. Se- 
vere machine vibrations also produce circumferential 
carbon, phosphorus, and sulphur segregation rings 
during the solidification of a casting. These rings be- 
come more frequent and pronounced as the vibration 
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Fig. 17 (Lett) and Fig. 18 (Right)—Microstructure of centrifugally cast tube at various diameters. Nital etch. Mag. 25x. 


becomes more severe and even show irregular pat- 
terns due to faulty machine operation as indicated by 
the photographs of the transverse macro-etched discs 
in Fig. 16.79 

The macrostructure of centrifugal castings clearly 
indicates that they contain a dendritic structure from 


the outside to center. The microstructure is similar 
to high quality, rapidly solidified, statically cast steel. 
The grains are equiaxed; the inclusions follow the 
usual rules for casting; and the reaction to heat treat- 
ment is similar to other steels. Photomicrographs are 
included to demonstrate the “as cast” and quenched 
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and drawn microstructures obtained at various trans- 
verse diameters on a large centrifugal casting of low 
carbon-chromium-molybdenum-vanadium steel. 

Figure 17 demonstrates the large dendrites in the 
“as cast” microstructure of these tubes shown at 
twenty-five times magnification. The dendrites are 
normal for a heavy chill cast section; the smaller den- 
drites near the outside show the influence of the rapid 
solidification. The influence of a water quench from 
1600 F and subsequent temper is shown in Fig. 18. 
The grains are refined very appreciably by this proc- 
ess and the influence of the quench in producing 
lower temperature transformation products near the 
outer surface is indicated. All of these structures are 
normal cast structures and indicate the usual reaction 
to heat treatment for this steel. 

As mentioned previously, the centrifugal casting of 
gun tubes is in direct competition with the steel forg- 
ing process. When tubes are made by the usual open 
die method, centrifugal casting has the advantage of 
lower initial investment, less basic and auxiliary 
equipment, reduced man power per tube, a smaller 
initial melt of steel amd the smaller plant space 
needed. The process has the disadvantages compared 
to conventional forgings of less adaptability to var- 
ious sizes, higher cost of raw material, higher melting 
charges, and the necessity for closer technical control. 

If a high yield of acceptable tubes can be obtained 
from the centrifugal casting process, the cost factors 
are such that for tubes of 1000 to 5000 Ib in weight, 
the centrifugal casting process has a large economic 
advantage. The problem is primarily one of obtain- 
ing and maintaining a satisfactory technique so that 
this high percentage of acceptable product is attained. 
Claims have been made of up to 95 per cent accept- 
able gun tubes cast by the German process with the 
thin sand coating on a metal mold. This figure is 
somewhat in excess of the present United States ratio 
of acceptable tubes, but the process is definitely com- 
petitive with forgings. 

The yield of the metal melted that appears in the 
final product is also a serious consideration in assess- 
ing the economics of any process. Because the cen- 
trifugal casting equipment is designed for and is pro- 
ducing only a single type of product, the percentage 
of the metal melted that appears in the final product 
is relatively high. Forgings, on the other hand, must 
melt additional weight for the same product weight. 
The casting yield of final versus melted weight is 
about 56 per cent, whereas for forging it is approxi- 
mately 40 per cent for medium-sized tubes. It should 
be pointed out, however, that each process requires 
this additional metal to assure the high quality of 
the product. The metal in the bore is the last to sol- 
idify and therefore acts as a riser to feed remainder 
of the tube. The metal on the outer surface contains 
laps, sand, etc. About 10 to 15 per cent of the total 
weight of the tube is usually bored from the center 
and the outside is machined down to clear metal. 


Manufacture of Other Tubular Products 


While cast iron pipe and gun tubes require special 
attention because of the large tonnages of centrifugal 
castings produced, several other castings are also made 
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by centrifugal means in horizontal spindle, metal 
mold casting machines. These items include long 
tubes similar to pipe and many short tubular prod- 
ucts. The types of short castings that are produced 
are: radial engine cylinder barrels, cylinder sleeves, 
bearing blocks, and other short tubes. The long cast- 
ings in production include: cylindrical parts for air- 
craft landing gear, heat and corrosion resistant steel] 
tubes, cylindrical liners with thin walls, and non-fer- 
rous metal cylinders. The manufacture of these prod- 
ucts is described in the technical literature.*-*.15.21,22 

The centrifugal casting machines used for the man- 
ufacture of these tubular products are similar in most 
respects to those employed for the production of gun 
tubes and cast iron pipe. Since these products are 
not as heavy or as specialized, the machines tend to 
be more simplified in nature. The short cylinders and 
barrels manufactured can be produced with relatively 
simple equipment that usually consists of a machine 
in which a small horsepower motor drives rolls on 
which the metal mold is located, 

One interesting innovation is the removable mold 
used in cylinder liner production in which the metal 
mold is replaced in the machine by other similar 
molds as soon as the casting is solidified. The casting 
practice utilized for this product varies from one type 
of casting to another and from plant to plant. Some 
of the larger molds are water cooled; the majority are 
air cooled for these lighter tubes. The speeds of rota- 
tion do not follow any fixed formula, but in order to 
assure removal of the gas and non-metallics and a 
smooth inside surface, a speed of about 60 g’s at the in- 
side casting diameter is employed. The metal is 
poured into the mold by means of a spout that usually 
is directed a short distance inside of the mold. The 
mold is customarily spinning at top speed during the 
pour in order to “pick up” the molten metal without 
slipping. The casting quickly solidifies in these metal 
molds and is extracted hot. The mold is sprayed or 
washed and the next pouring resumed. The mold 
spray or wash is used to prevent fusion of the casting 
to the mold, increase mold life, and prevent lap for- 
mation. 

Manufacture of Composite Rings 


One recent development in the centrifugal casting 
of tubes is the manufacture of composite castings. 
These castings contain one type of metal on the out- 
side and another metal on the inside. The metals util- 
ized consist of cast iron, stainless steel, carbon steel, 
and copper-base alloys. The technique of manufac- 
ture consists of pouring the external metal from one 
end of the mold, adding a heated, liquid brazing flux 
into the inside bore of the first metal as soon as it 
solidifies, and pouring the core metal from the second 
end into the inside of the cylinder. 

Tubes up to 9 in. in diameter and 8 ft in length 
have been cast in this manner. This work has been 
conducted both in the United States and Ger- 
many.!.22 The bond obtained is usually excellent and 
the mixture of the two metals very slight. These com- 
posite tubes can be employed to conserve critical ma- 
terials by using the expensive alloys only in the re- 
quired locations. They also can furnish a combina- 
tion of strength and heat- or corrosion-resistant alloys 
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required for specific applications. Centrifugally-cast 
composite tubes can be rolled into tubing by successive 
stages. 

The manufacture of these tubular products is sub- 
ject to the same type of defects experienced in gun 
tube manufacture. Transverse and longitudinal hot 
tears, laps, segregation, and porosity of the same type 
as described for gun tubes occur for the same causes 
and can be prevented by similar methods. One type 
of defect does occur, however, that deserves special 
mention. In order to assure a completely sound, uni- 
form density of metal, solidification must be progress- 
ive from the outer surface to inside core. In this 
manner the solidification contraction of each layer is 
compensated by the still liquid inner layers and 
shrinkage is avoided. 

If, however, as is sometimes the case in the thick, 
short tubes and liners produced in the small horizon- 
tal spindle machines the metal is poured rapidly and 
considerable cooling occurs at the inner surface, 
shrinkage in the casting does result. An example of 
how this defect influences the structure was shown in 
Fig. 13. The inner porosity is produced because sol- 
idification occurs from both the inner and outer sur- 
faces simultaneously and the last metal to feed inside 
the casting exhibits this shrinkage. This type of de- 
fect is prevented by either pouring so slowly during 
rotation that solidification is unidirectional or plac- 
ing an exothermic or insulating material on the in- 
side surface of the metal immediately after pouring 
has been completed. 


Manufacture of Thin Metal Tubes 


Thin metal tubes produced in metal molds with a 
horizontal spindle can be manufactured free from 
shrinkage without the necessity of insulating or exo- 
thermic internal coatings. These tubes are cast with- 
out the centerline shrinkage so prevalent in thin sec- 
tions of statically cast metal. Consequently, much 
thinner, sound tubes can be made centrifugally than 
by the static method and the yield of castings in rela- 
tion to weight of metal melted is much higher for the 
centrifugal process. It is pointed out, however, that 
the thin tubes must be cast rapidly to avoid laps or 
cold shuts and that lighter non-metallic particles do 
not have an opportunity to migrate as completely to 
the center of the casting as in the case of heavier 
tubes. The occurrence of blow-holes is rare except for 
castings utilizing a gas-producing mold wash since 
this gas is usually driven off by the centrifugal force 
in even thin tubes. Additional treatment of these thin 
castings is usually confined to inspection, heat treat- 
ment to the desired mechanical properties, and sur- 
face blasting. 

The true centrifugal casting of non-ferrous metals 
in metal molds with horizontal axis machines is also 
very widely employed. The metals include the brasses, 
bronzes, aluminum bronzes, leaded bronzes, and bear- 
ing metals, Light metals are not usually produced by 
this type of centrifugal casting. The centrifugal cast- 
ing of non-ferrous metals is, generally speaking, a less 
critical procedure than ferrous metal casting. These 
metals are not as subject to hot tears, metalloid segre- 
gation, or refractory problems as ferrous metals. Segre- 
gation is a problem in leaded bronzes, however, and 
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it is necessary to use metal chill molds to prevent the 
serious segregation of the lead.? It is also frequently 
necessary to employ a special gaseous atmosphere to 
eliminate drossing. 


Centrifugal Casting Non-ferrous Metals 


Because of the reduction of hot tearing and refrac- 
tory problems, much larger size tubes can be produced 
without difficulty with laps and hot tears by more 
rapid pouring. The literature contains references** 
to the manufacture of brass and bronze cylinders up 
to 8 ft in diameter and 13 ft in length and tubes of 
3 ft in diameter and 40 ft in length. The limitation 
appears to be the size of the furnace and centrifugal 
casting equipment rather than any serious problems 
in casting technique. The literature records castings 
of as heavy as 22 tons produced when required for a 
given application. It is necessary in the case of the 
drossing alloys to obtain a smooth even flow in the 
mold. The three fundamental rules for the success- 
ful centrifugal casting applicable to non-ferrous 
metals have been listed by Zuehlke® as: 

1) A uniform and quick distribution of molten 
metal over the entire surface of the mold. 

2) Progressive solidification of the metal from the 
mold surface towards the center. 

3) Final accumulation of all dirt and impurities 
in the bore where they can be removed by machining. 
Compliance with these three rules and the assurance 
of a satisfactory product is not a particularly difficult 
requirement in non-ferrous metals for a shop with 
adequate controls and satisfactory equipment. 

In order to determine the economic feasibility of 
centrifugal casting, it is necessary to directly compare 
the process with forging and static casting. The qual- 
ity of steel centrifugal castings is similar to that of 
forged material and superior to the statically cast 
product; non-ferrous centrifugal castings are of higher 
quality than static castings, and approach, but are 
not quite as high as the properties of forged or ex- 
truded material. The initial investment for the equip- 
ment required is highest for forgings and lowest for 
static castings. Centrifugal castings require somewhat 
more of an investment than static castings and, there- 
fore, centrifugal casting requires a reasonably large 
quantity for manufacture or compliance with a rigid 
quality specification. Centrifugal casting can also pro- 
duce flanges and irregular contours on the tubes that 
are not always feasible in conventional forging oper- 
ations. In addition, the casting yield is considerably 
higher by centrifugal than by static methods resulting 
in an appreciable saving per casting. The economic 
advantage of any one process must necessarily depend 
in the factors such as quantity, quality, dimensions, 
and initial investment requirements of a particular 
operation. 


True Centrifugal Casting—Horizontal Axis—Sand Molds 
Manufacture of Cast Iron Pipe and Steel Tubes 


Cast iron pipe is produced by the so-called “sand 
spun” process in sand-lined molds as well as in the 
metal molds. The same sand-lined mold equipment 
utilized for cast iron pipe production is also employed 
for the manufacture of centrifugally cast steel tubing. 
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The sand-lined mold method differs from the metal 
mold in a number of important respects. Each proc- 
ess has its advantages and disadvantages and the utili- 
zation of each depends on the requirements of the 
pipe or tubing being manufactured. 

A metal mold can be used more economically when 
a large number of identical castings are to be pro- 
duced; a sand-lined mold permits considerable and 
frequent variation in the dimensions of the tube or 
pipe. Tubes produced in a metal mold must be of 
a design that can be readily removed from the mold 
without interference, whereas castings made in a sand- 
lined mold can be more complex in shape. Metal 
molds impart a fine grain size and high quality from 
the rapid solidification, but sand-lined molds give a 
more uniform, slower cooling rate with a more simi- 
lar “as cast” structure in all sections of the casting. 
Sand molds have the advantage of cooling the metal 
less than metal molds and accordingly, metal can be 
run much further distances without the formation of 
laps or cold shuts. The solidification times in the 
sand mold are considerably longer than metal molds, 
however, and the spinning and cooling times per cast 
are much longer. This longer liquid period increases 
segregation, but also assists in the removal of the 
lighter, non-metallic materials into the inside of the 
tube where they can be subsequently removed. 

The pipe or tubing is cast by pouring into one end 
of a metal flask that has been previously rammed to 
form a mold. The thickness of the sand is maintained 
between 114 and 2 in.® The metal flask is rammed 
with a sand lining or the sand forced into place in a 
vertical position on a metal stool. The diameter of 
the metal pattern forms the outside of the pipe or 
tube plus allowances for shrinkage and finishing. The 
mold is usually rammed with tempered synthetic sand, 
faced with a silica flour wash, and dried with gas be- 
fore use. The mold is placed in the machine, the end 
cores positioned, and the molten metal poured. The 
flask usually runs on and is driven by two sets of fric- 
tion rollers, one at either end of the machine as shown 
in Fig. 19. 

The molten metal is introduced very rapidly into 
the flask while the mold is being operated at full 
spinning speed. The metal spreads rapidly over the 
mold without slipping or “raining” since the speed 
has been calculated to preclude this possibility. Speeds 
of rotation sufficient to obtain approximately 75g’s at 
the inside surface of the casting are used for sand 
moids. This speed is somewhat higher than for metal 
mold because of the greater tendency of the molten 
metal to “rain” in a sand mold. Castings of from 4 to 








Fig. 19—Horizontal axis machine for production of true 
centrifugal castings in sand-lined molds. 
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36 in. in diameter, 14 to 4 in. in thickness, and 16 ft 
in length have been produced by this method. 

The rate of production of the sand-lined machine 
is relatively slow compared to the metal mold process 
because of the slower solidification rate. The time the 
casting must spin varies with the diameter and thick- 
ness but it is usually about 10 times longer than in 
metal molds. In addition, the castings are usually 
left in the flask for a considerable period after the spin- 
ning has stopped in order to permit it to cool to 
lower temperatures. In this way, an effective anneal 
is obtained on the cast iron pipe or steel tubing. The 
longer solidification and cooling time necessitates 
a larger number of machines and a considerably 
larger number of flasks for each machine than for 
comparable production with metal molds. 

The additional treatment and machining required 
for centrifugal castings produced in sand-lined molds 
is generally less than for castings produced in a metal 
mold because of the effective annealing by slow cool- 
ing and the reduction of laps and surface defects in 
the steel tubes. 

The mechanical and metallurgical properties of 
castings produced in sand-lined molds compares favor- 
ably with static sand castings. The centrifugal force 
drives many of the impurities to the center of the 
cylinder or pipe, eliminates blow holes or gaseous 
defects, and insures sound, well-fed metal if unidirec- 
tional shrinkage is maintained. It should be stated, 
however, that any claims that centrifugal casting 
“works” the metal or increases the density are false. 
The centrifugal casting process eliminates some de- 
fects and facilitates the detection of those which 
remain by locating the remaining defects at the outer 
surfaces. However, the slower rate of solidification 
in sand molds does result in increased segregation 
and reduces metal quality to somewhat less than that 
attained by centrifugal casting in metal molds or by 
forging. The product is, like metal mold casting, non- 
directional, and this advantageous over forgings for 
some purposes. 

The defects encountered are directly similar to 
those experienced in metal mold centrifugal casting 
except for the added segregation. Transverse and lon-, 
gitudinal hot tears, irregularities because of machine 
vibration, refractory breakdowns, and porosity due 
to the lack of uni-directional solidification are all 
experienced. The casting yield is very high by this 
process. 

True Centrifugal Casting—Vertical or Inclined Axis 

While the majority of true centrifugal castings 
are produced in machines rotating about a horizontal 
axis, true centrifugal castings are in some cases spun 
about vertical or inclined axis.25 True centrifugal 
castings are again defined as castings spun about their 
own axes where at least part of the useful interior 
surface is shaped by centrifugal force without a 
central core. Small gear blanks, cluster gears, bushings, 
and liners such as produced at the Ford Motor Co. 
in metal molds*.?5.26 are manufactured by this method. 
Although there are some special cases,!! true centrifu- 
gal casting about vertical or inclined axes is rarely 
conducted in sand molds, The high speeds of rotation 
required to maintain the sides of the central hole 
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nearly parallel increases the possibility of sand break- 
down and the usual requirement for a short length 
eliminates the necessity of a sand lining to permit the 
flow of molten metal for long distances without 
chilling. 

The central cavity formed by spinning about any 
other axis than the horizontal is paraboloidal. The 
shape of the cavity may be calculated by the following, 
which is the equation of the parabola at a section 
through the line of the axis:* 


(Sa N? 
H = (3) 


sin Bo 
where H = height above vertex in inches 
N = spinning speed in revolutions per minute 
B = angle of inclination of axis in degrees 
R = radius of cavity in inches 


Experimental work has shown that the calculation 
described above results in an accurate representation 
of the actual cavity obtained during spinning except 
for contraction and piping.* It is to be noted that 
when B becomes 90 degrees (for castings rotated about 
a horizontal axis), sin B is equal to unity, H becomes 
equal to R, and the internal surface of the casting 
becomes a cylinder. 

The type of vertical or inclined axis machine uti- 
lized for true centrifugal casting is shown in Fig. 20.® 
This figure indicates schematically the various parts 
required. The mold, A, of either metal or sand is 
rotated rapidly within the metal flask or rotor, B. 
The motor or flask is spun by a shaft held by bearings 
and driven by a belt or gear arrangement. A re- 
movable cover, C, is placed on top of the mold with 
a smaller hole than that to which the casting is 
poured. The metal enters the mold through this small 
hole and is kept within the mold cavity by this cover. 
The cover is removed easily when the casting has 
solidified in order to facilitate stripping. Fly ball 
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Fig. 20—Sketch of vertical centrifugal casting machine 
(Zuehlke ). 
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weights, D, or bolts are used to hold the cover in 
position during the spin. A pouring spout, E, is neces- 
sary to carefully direct the molten metal through the 
hole in the cover and into the mold. All molten 
metal is directed so that it impinges entirely on the 
bottom of the mold. A guard, F, is always used to 
contain any metal or parts which fly off under cen- 
trifugal force.® 

Molten metal is-poured when the casting machine 
is rotating at either reduced or at maximum speed. 
Under the action of centrifugal force, the molten 
metal moves rapidly up the sides of the mold. The 
inner surface of the casting is a paraboloid deter- 
mined by the equation previously discussed; the outer 
surface is determined by the inside face of the mold. 
The speed of rotation employed is dictated by the 
dimensions of the casting. The amount of taper of the 
paraboloid on the inner surface depends upon the 
speed of rotation and since most work requires a 
nearly cylindrical wall, the speeds of rotation are nec- 
essarily high. Zuehlke® states that the spinning speed 
should produce a centrifugal force on the inner sur- 
face of the casting of 100 g’s to insure a small taper 
and a high quality product. This applies to thin- 
walled castings and if castings are produced with very 
thick walls, the centrifugal force at the outside can 
become dangerously high. Under these circumstances, 
it is frequently necessary to reduce the speed, even at 
the expense of too great a taper of the internal sur- 
face. 

The pouring operation is very important in vertical 
or inclined axis casting. The metal is directed at the 
center of the bottom and introduced very rapidly so 
that it will remain one liquid mass for as long a time 
as possible. It is desirable to maintain the flow of 
metal with a minimum disturbance. When the metal 
is directed at the center of the bottom, this condition 
is obtained. The metal will remain at the bottom 
of the mold until it is accelerated and, then will rise 
up the side walls of the mold in an even rush. The 
slag and dross is carried to the top or inner top surface 
of the casting from where it can be easily removed. 

Cold shuts or laps are a problem for the production 
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Fig. 21—Diagram of pouring method in inclined axis mold 
(Zuehlke). 
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of long or large castings by this method. Since this 
size of casting cannot be poured entirely within a very 
short period, it is frequently necessary to pour a 
considerable amount of metal when the machine is 
rotating slowly, After a considerable portion of the 
charge has been poured, the machine is accelerated 
to maximum speed and the pouring is continued. The 
practice provides sufficient metal to cover the mold 
surface in the first rush up the walls and the ad- 
ditional metal is introduced rapidly enough to pre- 
vent laps. 

The cylindrical internal surface obtained with 
the horizontal axis machine is preferred usually for 
most products, but a vertical machine has advantages 
of faster metal introduction and improved metal dis- 
tribution that make the vertical method desirable 
in many cases for smaller castings. A compromise 
between the two methods can be obtained by uti- 
lizing an axis inclined from the vertical. The taper 
on the internal surface becomes less as the horizontal 
is approached, but the difficulty in rapid pouring and 
good metal distribution increases. The diagrammatic 
sketch contained in Fig. 21® indicates the method that 
has to be used with centrifugal casting in a mold at 
an inclined axis to insure the proper method of pour- 
ing. It is at once evident that the centrifugal force 
must be high at the start of the pour in order to in- 
sure uniformity in metal distribution. This elimin- 
ates the possibility of the accelerated pour previously 
discussed. 

Gun tubes were produced in vertical centrifugal 
casting machines of the heavy walled, cast iron mold 
type in wartime Germany.!.!8.?? Castings with a 
length of from 614 to 13 ft. and a diameter of 10 in. 
and smaller were in production, Molten steel was 
poured into the top at approximately 200 rpm and 
after the mold had been filled to about one-third of 
its length, the mold was accelerated to 1400 rpm for 
the remainder of the pour and spin. The metal was 





Fig. 22—Transverse macro-etched disc from German tube 
showing porosity near surface. 
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carefully directed towards the center of the bottom 
to avoid splashing on the side walls. The paraboloida! 
cavity at the top only extended down from 3 to 4 ft: 
the remainder of the tube was solid except for piping. 
The castings were bored out and finished in the samy 
manner as the tubes cast in a horizontal mold and all 
piping was removed. The mold was coated with a 
wash consisting of fine quartzite, aluminum oxide, 
and bitum. This wash prevents fusion to the mold 
walls but causes a fine porosity on the outside surfacc 
of the castings as shown in Fig. 22. The removal ot 
this porosity and the other surface defects requires 
the machining of approximately 0.7 in. from the out 
side radius'S—a similiar amount to that required 
in horizontally cast gun tubes. 

The mechanical and metallurgical properties of the 
castings produced in vertical or inclined axis molds 
by the true centrifugal casting process are similiar to 
those manufactured in the horizontal axis molds. The 
vertically cast gun tubes have been found to be the 
equal in quality with horizontally cast tubes.'5.1%.2° 
The macro- and micro-structure and mechanical 
properties of the centrifugally cast gear blanks?* are 
equal to forged gears except for the absence of flow 
lines and directionality. These flow lines are parallel 
to the lines of force in the gear so that the centrifu- 
gal cast product is superior for this application. 

Centrifugal castings of non-ferrous metal produced 
in metal mold vertical axis machines exhibit the same 
relative properties compared to statically cast and 
forged materials as similiar metals cast in metal mold 
horizontal axis machines. The densities of the product 
of the various processes are similar, provided the 
sand casting is properly fed. The chemical analyses 
are uniform except for the tendency of lead to segre- 
gate to the outside of the heavier sections. The grain 
size of the centrifugally cast material is finer than the 
sand cast product because of the rapid solidification 
and does not exhibit the directional properties of 
forgings. The tensile strength, elongation, and reduc- 
tion of area of centrifugal castings exhibit about a 
10 per cent increase over sand castings?’ for a number 
of copper-base centrifugal castings. This difference 
varies somewhat from alloy to alloy but indicates 
this improvement on the average. The properties of 
centrifugal castings produced in sand-lined molds 
more nearly approach those of static sand casting. 
Except in specific instances where improvement is 
obtained by the better feeding or elimination of non- 
metallics, the properties of the centrifugal castings 
made in sand-lined molds and the static sand castings 
are very similar. 


Economic Factors Involved 


Numerous factors determine the relative economic 
advantages of vertical or inclined axis centrifugal 
casting compared to the competing forging and static 
casting processes. The facilities required are not elabo- 
rate for vertical centrifugal castings but somewhat 
more expensive than sand castings, although the smal- 
ler floor space area requirements of centrifugal casting 
may offset the greater expense. The initial investment 
for forgings is considerably higher than for sand cast- 
ings. To make these investments economically feasible, 
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centrifugal castings require considerable volume of 
production and forgings need a very large volume. 
The casting yield of the centrifugal process is higher 
than sand casting and at least the equal of the forging 
method.?6 Cleaning room costs are lower for cen- 
trifugal compared to sand castings but higher than 
for forgings. Final machining costs ef the centrifugal 
product compare favorably with sand castings but 
their relative position with respect to forging depends 
on the type of forging. 
Semi-Centrifugal Casting 

Semi-centrifugal casting is employed for the man- 
ufacture of castings of a circular, annular or disc- 
shaped type such as gears, wheels, tires, or plates. The 
mold is always rotated about the axis of the part and 
the centrifugal force exerts pressure from the center 
towards the rim that facilitates the filling of the mold 
and assists to some extent in directional solidification. 
The process differs from true centrifugal casting in 
that the entire shape of the casting including the in- 
ternal surface is formed by the mold, The molds are 
almost always rotated about the vertical axis. The 
process is usually conducted in sand molds, although 
some special die molds with sand cores are employed 
by the Ford Motor Co.*:?5 With either sand or metal 
molds, the molds are frequently stacked several high 
around a centrally located sprue. 

While semi-centrifugal casting has advantages over 
static sand casting, it does not benefit from many of 
the advantageous features of true centrifugal casting. 
Semi-centrifugal casting will cause metal to flow in 
thin sections of castings that will not fill properly 
in stationary molds. Suitable disc-shaped castings can 
be produced by single and particularly by stack- 
molding with a large increase in yield over con- 
ventional static means. The pressure of centrifugal 
force also assists directional solidification and the 
production of sound castings to some extent, but there 
are definite limitations of the influence of this pres- 
sure. The elimination of non-metallics and gas cavi- 
ties obtained in true centrifugal castings is not experi- 
enced in semi-centrifugal casting. In addition, the uni- 
directional solidification present in true centrifugal 
castings cannot be obtained with the mold virtually 
surrounding the casting from all sides in the semi- 
centrifugal process. 

The centrifugal casting machines used in this pro- 
cess consist of a flat, round table supported and 
rotated by a vertical shaft, that is driven by an electric 
motor. The size of table, motor, and bearings vary 
with the size and weight of the castings being pro- 
duced.The sand molds and the flasks containing the 
molds or metal dies are fastened to the table with the 
axis of the molds coinciding with the axis of the table 
and shaft. The equipment is similar to that shown 
previously in Fig. 20 except for the mold construction. 
The molds are poured either singly or, where possible, 
several molds are stacked on top of each other about 
a central sprue, Figure 23*° demonstrates how a stack 
of track wheels were positioned about the central 
sprue for the semi-centrifugal process. The sprue 
serves both as a gate and riser for these castings. 

The molds utilized in the semi-centrifugal process 
are usually high strength, core sands or unusually 
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hard, dried sand molds. Green sand does not have 
the required strength, although it has found some 
use?® in special cases. A special application with large 
volume requirements and high quality are necessary 
to justify the cost of metal molds. In order to prevent 
serious erosion of the sections of the sand molds on 
which the metal impinges as it enters the mold cavity 
under centrifugal force, high strength cores, chamotte 
inserts, or nailing must be employed. Cement-bonded 
molds are utilized also for added strength.'!:15.29 

The speed of rotation is considerably slower in semi- 
centrifugal than true centrifugal casting because of 
the lower strength of the molds. The parting lines 
between the cope and drag and between each mold 
in a stack provide openings through which molten 
metal could run in a “break through” if the centrifu- 
gal pressure were too high. In addition, the mold 
itself would vibrate or fly apart under this force if 
the pressure were permitted to become excessive, For 
this reason, the speeds of rotation are usually cal- 
culated in terms of the speed of rotation of the peri- 
phery of the casting. This speed is maintained at 
between 450 and 600 fpm on sand molds and up to 
1000 fpm on metal molds. Speed is calculated from 
revolutions per minute as follows: 


V = 2rRN 
where V = peripheral velocity of outside of mold in 
feet per minute 
R = radius of mold in feet 
N = number of revolutions per minute 


Fundamentally, this method of calculation should 
be based on centrifugal force or pressure rather than 
peripheral speed. However, for the range of sizes and 
speeds concerned, it has been proven by experience 
that the use of peripheral speeds is a satisfactory cri- 
terion. It is evident that even for small castings, the 
speed of rotation does not exceed a few hundred rev- 
olutions per minute in semi-centrifugal casting. 

The method of pouring and feeding the castings 
is of considerable importance. The metal is poured 
into the top of the sprue through a funnel that prop- 
erly directs the metal. Pouring, as in the case of true 
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Fig. 23—Stack of track wheels cast by semi-centrifugal 
method (Blackwood and Perkins). 
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vertical casting, occurs at either maximum rotational 
speed or is started at a slow speed and accelerated 
during the pour.** In order to obtain directional so- 
lidification, a greater variety of gates, additional 
heads, and large reservoirs are used at various loca- 
tions in mold and the spokes of a wheel are tapered 
from the hub and central sprue down to the rim 
so that the sprue can feed the entire casting. Since 
one of the main advantages in semi-centrifugal casting 
is the increase in casting yield, it is frequently the 
practice to increase this yield on annular shape cast- 
ings by pouring just sufficient metal so that the 
central sprue and ingates or radial spokes are hollow 
after solidification has occurred.*® 

Semi-centrifugal casting is principally conducted 
on steel castings, although the method has been suc- 
cessfully utilized on cast irons, copper-base alloys, and 
light alloys.2® A recent article shows that improved 
casting yield and good quality can be obtained from 
casting discs of an aluminum casting alloy®! even 
though the density of the non-metallics does not differ 
greatly from the base metal. The mechanical and 
metallurgical quality of the castings is similar to 
those made in stationary molds except for the slight 
improvement in feeding that results in some cases. 

The economic position of semi-centrifugal casting 
depends upon whether the cost advantages of in- 
creased yield, slightly improved feeding, and better 
filling overcome the cost disadvantages of more ex- 
pensive molds and pouring arrangements plus the 
initial investment required for the casting machine. 
Although the initial costs are not large for the cast- 
ing machine, the special type of molds required are 
a considerable expense. It is necessary, therefore, that 
each type of casting be required in considerable 





Fig. 24—Centrifuged stack of mortar shell castings (Black- 
wood and Perkins). 
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quantity to justify the special set-up. In addition, 
the design of the casting must be such that the slight 
assistance in feeding is required, the increase in yield 
is large, or the additional force in filling the mold 
necessary. These qualifications confine the process 
to the manufacture of special types of discs or annular 
shape parts within a definite size range where the 
design is suitable and the orders are large enough 
to warrant the investment and special type molds. 


Centrifuged Castings 


Centrifuged castings are produced in molds spaced 
symmetrically about a central down gate. The equip- 
ment, spinning speeds, pouring rate, properties, and 
problems are similiar to semi-centrifugal casting. The 
molds, however, are not spun about their own axes 
but arranged as symmetrically as possible about the 
central sprue to maintain a good dynamic balance. 
It is the usual practice to stack the castings in this 
grouping as high as the machine location and power 
capabilities permit so that the greatest possible 
number of castings can be poured in one assembly. 

A great variety of pieces can be manufactured by 
centrifuging. It is desirable, however, to manufacture 
identical or very similar castings in any one group 
to avoid excessive vibration. The types of castings 
produced are usually small and simple in design. An 
example of a typical type is shown “as cast” in Fig. 
24.29 Large castings present more difficulties in mold- 
ing, pouring, and spinning without compensating ad- 
vantages in definition or yield"; intricate castings are 
more subject to mold breakdown or erosion. Since 
the centrifugal pressures are small at the speeds of 
rotation employed, only a small assistance in feeding 
results. It is necessary to use down-gates large enough 
to provide a source of molten steel while the entire 
casting is solidifying. In addition, the casting sections 
should be progressively heavier from the outside peri- 
phery of the mold cavity to the central sprue if sound- 
ness is required. In some cases, however, where shrink- 
age can be tolerated at certain locations, these pro- 
gressively thicker sections need not be employed. 

The machines, equipment, molds, and techniques 
utilized in centrifuging are so similar to semi-cen- 
trifugal casting that only a few observations need be 
noted. The molds are almost always made of sand, 
usually slabs of oil-bonded core sand, although, in 
a few cases, green sand molds with core inserts are 
used. The gates are radial but extend upward and 
then outward (so-called “umbrella” gates) when the 
castings are poured in a stack to insure that the lower 
castings of the stack are filled before metal enters the 
higher stacks.2® The machines are usually rotated to 
provide a peripheral speed of 450 to 600 fpm and the 
molds are filled with molten metal as rapidly as pos- 
sible. The mold is usually spinning at the maximum 
rotational speed during pouring, although in special 
cases, pouring is initiated when the mold is stationary 
or moving slowly and accelerated during the pour. 

Centrifuging is used to a great extent in precision 
investment casting to obtain the detail and dimen- 
sions required.%* In this case, the relatively dense in- 
vestment used with wax or plastic disposable patterns 
requires an exterior force to drive the metal into all 
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portions of the mold cavity. This is particularly 
true of parts with considerable fine detail, The flasks 
containing the mold cavities are usually located at 
a considerable distance from the central sprue to in- 
crease the centrifugal pressure. These precision cast- 
ings are always spun at maximum speed before pour- 
ing and the pressure is maintained until solidifica- 
tion. A sketch of the centrifuging of investment cast- 
ings is contained in Fig. 25.5? 

The problems encountered in centrifuging such 
as lack of balance and resulting vibration, runouts 
at horizontal joints, and bursting of the mold are 
similar to semi-centrifugal casting. The mechanical 
and metallurgical properties of ferrous and non-fer- 
rous metals are, as in the case of semi-centrifugal 
castings, similar to static sand castings except for the 
improved flow and slightly better feeding. The num- 
ber of rejections obtained depends, of course, on the 
complexity of the casting and the stage of develop- 
ment of the technique. Generally, the loss of cast- 
ings due to failure to fill all sections of the mold will 
be considerably reduced from static casting although 
the “breakouts” are apt to occur more frequently. By 
either process, the number of rejects should be very 
small with a satisfactory technique. Defects which do 
occur in centrifuged castings can generally be more 
easily detected than in stationary castings. 

In assessing the economic factors influencing the 
utilization of this process compared to static sand 
castings, the improved casting yield, slightly enhanced 
feeding, and better detail obtained in centrifuging 
must be compared to the additional cost of the ma- 
chine, molds, and set-up. A comparison of these 
figures usually shows that static casting is cheaper ex- 
cept for large production of small castings of certain 
designs that permit greatly increased yield or where 
the centrifugal pressure is a requirement to obtain 
the required detail. 


Summary 


Centrifugal casting provides the foundryman with 
great assistance in the manufacture of castings with- 
in certain design, quality, and quantity limitations. 
The centrifugal casting process is used to its greatest 
advantage in producing tubular products by the hori- 
zontal or vertical true centrifugal method. In true 
centrifugal casting, gas cavities are removed, non- 
metallics forced to the inner surface, and a sound cast- 
ing usually produced throughout by unidirectional 
solidification from the outer surface. This results in 
the production of a high-quality casting with a high 
casting yield. Centrifugal castings of a disc or cir- 
cular shape are made with some yield, detail, and 
limited feeding advantages in vertical axis machines 
about a central sprue by semi-centrifugal casting. 
Small castings of simple design are centrifuged in 
vertical axis machines about a central sprue to ob- 
tain improved detail and casting yield. 

Centrifugal casting is performed in both metal dies 
and sand molds. Metal molds require the manufac- 
ture of a large quantity of identical castings of a de- 
sign that will permit easy removal from the mold. 
This type of mold has the advantages of more rapid 
production and improved quality with the faster soli- 
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Fig. 25—Diagram of equipment for centrifuging precision 
castings (Nieman). 


dification. Sand molds permit frequent changes in 
casting design, the production of more irregularly 
shaped castings, the flow of molten metal over long 
distances without marked chilling, and a more uni- 
form, though slower cooling rate throughout the 
casting. 

The ease of production of both ferrous and non- 
ferrous centrifugal castings depends on the composi- 
tion of the metal, dimensions of the casting, and tech- 
niques developed. Heavy-walled steel tubes are one 
of the most difficult types, since they are subject to 
hot tears, irregular segregation, laps, and refractory 
breakdowns. In thin-walled steel or cast iron tubes 
or pipe, laps and cracks are serious problems. The 
copper-base alloys are not usually subject to cracks 
and tears and can be produced with fewer defects. 
Inspection procedures are simplified by the fact that 
the defects that do occur can usually be readily ob- 
served on the surface. 

Centrifugal castings compete with the forging and 
static sand casting processes. The economic and qual- 
ity considerations for each part are the determining 
factors. True centrifugal castings produced in metal 
molds exhibit mechanical and metallurgical proper- 
ties that are the equivalent of forgings without direc- 
tional properties. True centrifugal castings made in 
sand molds are coarser in structure than metal-mold 
castings because of the slower rate of solidification 
but are generally of a higher quality than static sand 
castings. The lower centrifugal pressure extended in 
semi-centrifugal and centrifugal castings improved de- 
tail and mold filling, increases casting yield, but the 
quality of these castings is similar to those produced 
by static methods. 

Centrifugal casting is not a cure-all for the ills of 
a foundry. It is very useful and economical for the 
manufacture of tubular, high quality castings, cast 
iron pipe manufacture, and in other special instances 
but this field is limited. The use of centrifugal cast- 
ing outside of this limited field will increase costs 
and cause more problems than are solved. 
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CHARACTERISTICS OF HIGH 


STRENGTH 


MAGNESIUM CASTING ALLOY ZK61 


By 


J. W. Meier* 


Introduction 


The rapid progress in design of larger and faster 
aircraft based on the increasing power of jet-pro- 
pelled engines created the necessity of development 
of alloys with the highest possible strength-to-weight 
ratio. High-alloy steel, as well as titanium, aluminum 
and magnesium alloy products are close competitors 
in this race for weight reductions. 

In the casting alloy field, magnesium-base alloy 
ZK61 still has the highest strength-to-weight ratio 
found in any commercial casting alloy, ferrous or 
non-ferrous. The development of alloy ZK61 and 
its heat treatment was reported earlier'-* and it 
is the purpose of the present paper to discuss some 
characteristics of this alloy as compared with other 
magnesium casting alloys in the light of additional 
laboratory work and of its performance in actual 
service. 

Earlier work on magnesium-zinc-zirconium casting 
alloys was reviewed in a previous paper,! and was re- 
cently brought up to date by Saunders and Strieter® 
and by Hildebrand and Strieter.® 


Materials and Experimental Procedures—Materials 
used for the preparation of the experimental alloys 
as well as the standard ZK61 alloy for prototype cast- 
ings of commercial size were: high-purity magnesium 
(99.98 pct) prepared by Dominion Magnesium Ltd. 
using the Pidgeon ferrosilicon process, electrolytic 
zinc (99.99 pct), and various zirconium compounds 
or master alloys. Rare earth additions to some ex- 
perimental alloys were made using standard Misch- 
metal (approximately 50 pct Ce, 50 pct other rare 
earth metals, less than 1 pct Fe). 

Zirconium was introduced, in most cases, as a fused 
salt mixture containing approximately 50 pct zircon- 
ium tetrachloride and 25 pct each of sodium and 
potassium chlorides. In some of the experimental 


*Head, Non-Ferrous Metals Section, Physical Metallurgy Re- 
search Laboratories, Department of Mines and Technical Sur- 
veys, Ottawa, Canada. 

Published by permission of the Director-General of Scientific 
Services, Department of Mines and Technical Surveys, Ottawa, 
Canada. 


53-54 


719 


alloys zirconium was added in the form of other 
zirconium chloride or various zirconium fluoride mix- 
tures, as well as in binary or ternary master alloys. 

The melts were prepared in welded iron pots of 
30- to 150-lb capacity, using Domal crucible flux 
(Dow 310 type). Temperatures during melting and 
alloying operations were held, whenever possible, 
under 800 C (1470 F) and pouring temperatures be- 
tween 750-780 C (1380-1435 F). Standard melting 
and alloying techniques were used as described pre- 
viously.! 

All castings were cast into green sand using stand- 
ard sand composition and characteristics for magne- 
sium alloys. Tensile test bars were cast-to-shape ac- 
cording to the Dow Chemical Company’s test bar 
mold design? and pulled without machining, unless 
otherwise stated. 

All heat treatments above 300 C (570 F) were car- 
ried out in electrically heated air-circulating furnaces 
with automatic control of a 1 pct sulphur dioxide 
containing protective atmosphere. 

Alloys were designated throughout this paper ac- 
cording to the ASTM alloy designation code (ASTM 
B275-52T). No suffix or serial letter was used in de- 
signations of alloys not specified in ASTM B80-51T. 
Temper designations for various heat treatments 
were used in accordance with recent ASTM specifi- 
cations for magnesium alloys, as follows: 

F —As cast 
T4—-solution heat treated only 
T5—artificially aged only 

T51—12-24 hr at 180 C (355 F) 

T52—24-48 hr at 150 C (300 F) 

T6—-solution heat treated and artificially aged 

T61—2 hr at 500 C (930 F) and 12-24 hr at 150 C 


(300 F) 
T62—2 hr at 500 C (930 F) and 24-48 hr at 130 C 
(265 F) 


Effect of Zirconium Content—FEarlier work by Ger- 
man investigators on the solubility of zirconium in 
magnesium was recently supplemented by investiga- 
tions on the constitution diagram of magnesium-rich 
alloys of magnesium and zirconium published by 
Mellor’ and by Schaum and Burnett.® No results of 
work on the ternary magnesium-zinc-zirconium alloy 
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Fig. 1—Effect of soluble zirconium content on properties 
of binary Mg-Zr sand-casting alloys. 


system have been published to date. As reported pre- 
viously! in actual foundry practice it was established 
that the “effective” zirconium solubility in binary 
magnesium-zirconium alloys is approximately 0.65 
pct, and in Mg- 6 pct Zn-Zr alloys it raises to ap- 
proximately 0.85 pct. 

It is known that the grain refining effect depends 
on the amount of zirconium which is actually in solu- 
tion in magnesium. This “effective” zirconium con- 
tent is directly related to the grain size and the me- 
chanical properties in the as-cast condition as well 
as after heat treatment. Excessive, “‘free’’ or acid- 
insoluble zirconium remains in varying amounts fine- 
ly dispersed throughout the alloy. As stated al- 
ready,!° experience based on many hundreds of mag- 
nesium-zinc-zirconium alloy melts shows that the 
“effective” zirconium content cannot always be iden- 
tified with the analytically determined acid-soluble 
zirconium content. It was found that grain size and 
mechanical properties of magnesium-zinc-zirconium 
alloys are a much more reliable indication of the 
real “effective” zirconium content than its chemical 
determination. 

‘Figures 1 and 2 show graphically the effect of sol- 
uble zirconium content on properties of binary mag- 
nesium-zirconium and ternary ZK61 casting alloys. 
The considerable grain refining effect of increasing 
zirconium additions is shown especially in the case 
of binary alloys. Figure 2 illustrates very convinc- 
ingly that optimum properties both in the as-cast 
(F) as well as in the fully heat treated (T62) condi- 
tions are obtained only if the “effective” zirconium 
content is over 0.7 pct and the average grain size is 
in the range of 0.001-0.002 in., in any case, below 
0.003 in. 








Fig. 2—Effect of soluble zirconium content on properties 
of sand casting alloy ZK61. 


Alloying Technique—A very good survey of alloy- 
ing techniques used for the introduction of zircon- 
ium into the molten magnesium was recently pub- 
lished by Saunders and Strieter.5 Most of the meth- 
ods described by these authors were used also in the 
study of alloy ZK61 with similar results in alloying 
efficiency. In both investigations it was found that 
the most consistent and most effective alloying mix- 
tures are those based on or, at least, containing some 
zirconium chloride compounds. It was suggested)! 
that the exceptionally high properties obtained using 
zirconium chloride compounds are due to the efh- 
cient refining and degassing action of decomposition 
products of these fluxes. Especially important seem» 
to be the removal of hydrogen which affects greatly 
the solubility of zirconium in magnesium and mag- 
nesium alloys. 

Attempts at using proprietary alloying methods 
based on various zirconium fluoride compounds for 
the production of alloy ZK61 were rather unsuccess- 
ful. Fully heat treated test bars cast from fluoride- 
treated melts show consistently lower tensile proper- 
ties than similar test bars from chloride-treated melts 
and these differences are quite substantial, i.e., 5,000- 
6,000 psi UTS and 2,000-3,000 psi 0.2 pct PS. 

The alloying technique used for most melts in the 
present investigation was described in an earlier 
paper.! Some of the melts were alloyed with satis- 
factory results using a magnesium-zirconium hard- 
ener (K30) described by Saunders and Strieter.5 

A useful check of alloying efficiency and melt qual- 
ity before the casting is poured was described by Van 
Ewijk.!* A test bar is cast in a metal mold, taken out 
as soon as it is frozen, quenched in water, notched 
and broken. Extremely fine grain size of the fresh 
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fracture indicates that the zirconium content is satis- 
factory, otherwise more alloying of the melt is neces- 
sary. 

Effect of Zinc Content—The diagram illustrating 
the effect of zinc contents on tensile properties of 
magnesium-zinc-zirconium casting alloys containing 
from 1-11 pct Zn and over 0.7 pct of soluble zircon- 
ium, shown in a previous paper,! was brought up to 
date and revised to include data on tensile proper- 
ties of the various alloys after aging for 24 hr at 180 
C (355 F) used commercially for alloy ZK51. 

Figure 3 shows this new diagram. It should be 
emphasized that each of the curves shown was drawn 
on the basis of many hundreds of results obtained 
during the seven years of work on these alloys. How- 
ever, in the interest of clarity only a few typical 
values for each condition were shown in the repro- 
duction of the original diagram presented in Fig. 3. 

In the former version of this diagram! the curve 
for the “fully heat treated” condition was continued 
for the alloys of higher zinc content. The heat treat- 
ment of these alloys (7-10 pct Zn) was, of course, 
different from that used for the lower zinc contain- 
ing alloys. To avoid misunderstanding the present 
diagram contains data pertaining only to the heat 
treatments mentioned on the drawing. 

The diagram shows clearly that highest strength 
values are restricted to alloys containing from 5-7 pct 
zinc, which show excellent amenability to solution 
heat treatment and very good, as compared with 
other magnesium casting alloys, elongation values 
(8-14 pct in 2 in.). 

Alloys with lower zinc contents (1-3 pct Zn) show 
excellent elongation values (up to 25 pct), good cast- 
ing characteristics and weldability, but due to their 
low strength cannot be used for highly stressed com- 
ponents. 

Alloys with higher zinc contents (8-11 pct Zn) show 
a considerable drop both in strength as well as in 
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Fig. 3—Effect of zinc content on tensile properties of 
sand-cast Mg-Zn-Zr alloys (containing over 0.7% soluble 
zirconium). 


Fig. 4—Effect of zinc content on solidus temperatures of 
Mg-Zn and M§g-Zn-Zr alloys (containing over 0.7% sol- 
uble zirconium). 


elongation values (3-5 pct). 

Figure 4 illustrates the effect of zinc content on 
the solidus temperatures of binary magnesium-zinc 
alloys and ternary magnesium-zinc-zirconium alloys. 
The difference in the solidus lines shown for the 
ternary alloys is believed to be due to higher soluble 
zirconium contents obtained in the present investi- 
gation. The results shown in the diagram were ob- 
tained by metallographic examination for incipient 
fusion of heat treated and rapidly quenched speci- 
mens cut out of sand cast test bars. Some of the 
points were checked by thermal analysis. 

Figures 5 and 6 illustrate the effect of zinc content 
on the tensile properties of magnesium-zinc-zircon- 
ium casting alloys after different heat treatments. The 
curves for tempers T61 and T62 show clearly that 
the solution heat treatments developed for alloy ZK61 
are applicable only to alloys containing over 5 pct 
Zn, because for lower zinc containing alloys the aging 
of as-cast products (T51 and T52) results in much 
higher tensile properties. It would seem from these 
experiments that the two-stage heat treatment for 
alloys having zinc contents below 5 pct offers no 
advantage over the one-stage treatment (aging).!° 

Heat Treatment—The development of the most 
effective heat treating methods for alloy ZK61 was 
described previously. As for other alloys, there is a 
range of temperatures and times to be used depend- 
ing on casting size and shape, as well as local heating 
facilities. This range for alloy ZK61 castings was 
established?:* as follows: 

Solution heat treatment for 1-5 hr at 425-500 C 

(800-930 F), followed by air cooling and aging for 

24-48 hr at 130-150 C (265-300 F). 

The highest and most consistent results on cast- 
to-shape test bars and other small castings were ob- 
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Fig. 5—Effect of various heat treatments on ultimate ten- 
sile strength of sand-cast Mg-Zn-Zr alloys (containing 4- 
7% and over 0.7% soluble zirconium). 


tained using a solution heat treatment of 2 hr at 500 
C (930 F) and aging for 24-48 hr at 130 C (265 F) 
For larger castings a successful heat treatment was 
found to be: 5 hr at 485 C (905 F) and 48 hr at 130 
C (265 F). 

Successful heat treatment at these higher solution 
temperatures, as in all heat treating operations of 
whatever alloy, depends on proper heat treating 
equipment and especially on reliable temperature 
control and effective maintenance of a protective at- 
mosphere. Sulphur dioxide atmospheres offer the best 
protection, although our experience in using carbon 
dioxide atmosphere was also satisfactory. 

Another precaution necessary in all higher tem- 
perature heat treatments is the proper placement and 
supporting of castings of larger size or more intricate 
shape in the heat treating furnace to avoid warpage 
or sagging due to some loss of rigidity of the cast- 
ings at temperatures close to the solidus temperature 
of the alloy. This occurrence is, of course, common 
to all alloys and is not a special feature of alloy 
ZK61 as might be inferred from some recently pub- 
lished remarks.'*:14 Well known methods for prevent- 
ing any distortion in solution treatments of long 
established magnesium casting alloys AZ91 and AZ92, 
and especially at the much higher temperatures used 
for the newer magnesium-rare earth-zirconium alloys 
(16 hr at 565 C, 1050 F) show that the heat treating 
schedule established for alloy ZK61 is entirely prac- 
tical. 

It was also mentioned" that the response to heat 
treatment at 500 C (930 F) varies with the true 
soluble zirconium content of the alloy and the sec- 
tion thickness of the casting. This would mean, it 
was said, that to achieve a high level of properties, 
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Fig. 6—Effect of various heat treatments on 0.2% proof 
stress of sand-cast Mg-Zn-Zr alloys (containing 4-7% Zn 
and over 0.7% soluble zirconium). 


the duration and temperature of the solution treat- 
ment would require adjustment to suit the soluble 
zirconium content and section thickness of individual 
castings. Both of these statements while correct are 
of no practical significance. The heat treating sched- 
ule for alloy ZK61 was established for the lowest zir- 
conium content allowable in the specification, and if 
the zirconium content in a particular casting would 
be lower, the casting would not be acceptable because 
of its improper chemical composition. 

The other point is the dependence of heat treating 
cycles upon section thickness. This dependence ex- 
ists for all metal or alloy products, cast or wrought, 
and it is quite clear that a bulky casting needs longer 
heat treatments than a thin sheet product. This is 


TABLE 1—-EFFECT OF VARIATIONS IN HEAT TREATING 
CYCLES ON THE TENSILE PROPERTIES OF ZK61 ALLoy 
CASTINGS 


Alloy Composition: 5.5 to 6.5% Zn, over 0.7% soluble Zr 
Average Grain Size: 0.001 to 0.003 in. 
(All results are averages of at least 3 tests) 





Tensile Properties 


UTS 0.2% PS Elong. % 
hr °“C °F hr — + kpsi__kpsi in 2 in. 


Solution H.T. Aging 








2 475 890 24 130 265 43.5 27.2 10.5 
2 475 890 48 130 265 45.6 30.0 8.5 
§ 475 890 24 130 265 44.8 29.1 11.6 
5 475 890 48 130 265 46.3 31.3 10.0 
2 485 905 24 130 265 45.2 28.3 10.5 
2 485 905 48 130 265 46.5 30.8 9.8 
5 485 905 24 130 265 46.2 30.2 11.2 
5 485 905 48 130 265 46.8 31.7 92 
2 500 930 24 130 265 47.6 $2.5 12.0 
2 500 930 48 130 265 48.2 33.4 11.5 
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TABLE 2—TypicAL TENSILE PROPERTIES FOR ALLOY 
ZK61 as COMPARED WITH OTHER MAGNESIUM CASTING 
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TasBLe 4—TypicaL RESULTs OF FATIGUE TESTS AT 
Room TEMPERATURE 
(R. R. Moore Rotating Beam Tests) 








ALLoys 
Ultimate 0.2% Proof Elongation, 
Tensile Stress,kpsi % in 2in. 
Alloy Nominal Strength, 
Designation Composition kpsi 
% Typical Min. Typical Min. Typical Min. 
ZK61-F 6 Zn, 0.7 Zr 38-42 35 20-22 18 9-14 8 
ZK61-T52. 6 Zn, 0.7 Zr 40-43 — 27-30 — 5-8 — 
ZK61-T6l1 6 Zn, 0.7 Zr 44-48 42 28-32 26 8-12 5 
ZK61-T62 6 Zn, 0.7 Zr 46-48 — 30-34 — 7-12 — 
ZK51-T51 462Zn,0.6Zr 39-41 34 25-27 20 6-10 5 
AZ63A-T4 6 Al, 3 Zn 40 34 14 12 7 
AZ63A-T6 6 Al, 3 Zn 40 34 19 16 5 3 
AZ91C-T6 8.7Al1,0.7Zn 40 34 19 16 4 3 
AZ92A-T6 9 Al, 2 Zn 40 34 23 18 2 1 


Note: Values for AZ alloys according to ASM Metals Handbook 
(1948). 
Minima for ZK61 alloys according to Canadian D.N.D. 
Spec. C-28-97. 
Minima for ZK51 alloy as proposed for ASTM specification. 





why heat treating schedules are normally given in a 
range of temperatures and times. 

Table 1 shows the effect of some variations in solu- 
tion heat treating temperature and time on the ten- 
sile properties of ZK61 alloy cast-to-shape test bars. 
As is usual, the properties increase with higher tem- 
peratures and longer duration of the treatments. 

The graphs in Figs. 5 and 6 indicate also the con- 
siderable increase in properties obtained when using 
lower aging temperatures, both in the as-cast condi- 
tion (T52) and especially after solution heat treat- 
ment (T62). 

The most important feature of the two-stage heat 
treatment developed for alloy ZK61 castings is that it 
not only increases considerably the ultimate tensile 
strength and the yield strength but also retains or 
even improves the high elongation values. 


Mechanical Properties—A comparison of typical 
tensile properties of ZK61 alloys with those of other 
magnesium casting alloys is given in Table 2. Mini- 
mum values of properties for ZK61 alloys are quoted 
as required in the Canadian aircraft specification for 
ZK61 alloy sand castings.° Results of compression, 
shear, hardness and impact tests are listed in Table 
3. Alloy ZK61-T6 has considerably higher tensile, 
compression and shear strengths, combined with an 
elongation unusually high for a fully heat treated 
(T6) magnesium casting alloy. The impact strengths 
of ZK61 and ZK51 are similar and somewhat lower 
than that of AZ63A-T4. 








Plain Notched 

Alloy Bar (stressinkpsi) Bar* (stress in kpsi) 
Designation 10° 10° 10° 10° 10° 10° cycles 

ZK61-F 13 10.5 10 

ZK61-T6 18 15 14.5 12 1] 10 
ZK51A-T5** 1] — 9 1] —_— 9 
AZ63A-T4** 18 — 14 12 — 8 
AZ92A-T6** 18 — 15 11 — 9 

*Stress Concentration Factor = 2 


**according to Hildebrand and Strieter® 





The fatigue properties of ZK61-T6, as shown in 
Table 4, are comparable with those of AZ63A-T4 and 
AZ92A-T6, and higher than the values given for 
alloy ZK51A-T5. 

Properties at elevated temperatures are listed in 
Tables 5 and 6. Although alloy ZK61 was developed 
especially for room temperature service, it may be 
used at moderately elevated temperatures (up to 150 
C, 300 F). Its elevated temperature tensile proper- 
ties are higher than those of alloys ZK51A-T5, AZ63A- 
T6 and AZ92A-T6, and in creep strength it is equal 
to ZK51A-T5 and somewhat better than AZ63A-T6 
and AZ92A-T6. 

Results of tests on stress relief treatments show that 
similar to the results of Payne!® for other magnesium 
casting alloys, for complete stress relief a 2 hr heat 
treatment at 330 C (625 F) is necessary. Alloy ZK61- 
T6 is being solution heat treated at a much higher 
temperature and the rather slow air cooling after this 
solution heat treatment limits the re-introduction of 
stresses. Ring tests, as described by Payne,?® on ZK- 
61-T6 alloy confirmed the absence of residual stress 
and no problem has been encountered in practice. 


Effect of Rare Earth Additions—The use of addi- 
tions of rare earth metals to magnesium-zinc-zircon- 
ium alloys was first explored by German investiga- 
tors!? to overcome the tendency to microporosity en- 
countered in alloys of higher zinc contents. They 
found that 1-2 pct rare earth metals should be added 
to alloys containing 4-6 pct Zn to obtain maximum 
pressure tightness. Recently, Payne, Michael and 
Eade!® described a new magnesium casting alloy 
which has been developed to reduce the tendency to 
hot-cracking found in larger ZK51 alloy castings. The 
nominal composition of this new alloy was reported 
to contain 4.5 pct Zn, 1.25 pct R.E., and 0.6 pct Zr 
(ASTM alloy designation would be ZE51-T5) and it 


TABLE 3—-TypicAL RESULTS OF COMPRESSION, SHEAR, HARDNESS AND IMPACT TESTs 








Ultimate 0.2% 0.1% Charpy Impact Strength 
Compression Compression Compression Shear Brinell 
Alloy Strength, Proof Stress, Proof Stress, Strength, Hardness Rockwell“E” Unnotched, Notched (Mesnager) 
Designation kpsi kpsi kpsi kpsi (500/10/30) Hardness ft-lb ft-lb 
ZK61-F 55.3 18.5 17.8 24.5 58-65 65-70 20 3.5 
ZK61-T5 55.1 25.1 23.5 24.8 65-70 75-80 14 2.5 
ZK61-T6 56.4 29.2 28.0 26.5 65-75 75-82 18 3.5 
ZK51A-T5 51.8 23.7 22.6 m7" 65-70 72-77 15 3.5 
AZ63A-T4 46.0* 14.0* — 18.0* 55* 66* z7°° —_ 
AZ92A-T6 — 22.0° — 22.0° 81* 88* 4** —_ 


* ASM Metals Handbook (1948). 


** according to Hildebrand and Strieter.* 
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TABLE 5—TypicAL TENSILE PROPERTIES AT ELEVATED 








‘TEMPERATURES 
‘Testing 
Alloy Temperature UTS, 0.2% PS, % Elong., 
Designation °C °F kpsi kpsi in 2 in. 

ZK61-T6 Zt. Bt. 47.2 31.4 10.5 
100s 212 36.8 26.5 20.0 

1250 = 37 $2.3 24.5 22.0 

150 302 28.0 22.0 25.0 

175 347 23.5 19.5 30.0 

200 392 20.5 17.6 32.0 

ZK51A-T5 RT wet. 39.5 26.5 8.5 
100 = 212 32.4 22.4 15.0 

125 257 28.1 20.8 16.3 

150 302 24.3 18.5 15.5 

175 347 21.7 17.2 18.5 

200 392 19.1 15.8 18.0 

AZ63A-T6* Rt. Be. 40.0 19.0 5.0 
93 200 36.0 17.3 11.0 

121 250 32.4 16.5 11.0 

149 300 25 -° 150 15.0 

204 400 17.5 12.0 17.0 

AZ92A-T6** a. 2X. 40.0 23.0 2.0 
149 300 28.0 18.0 35.0 

204 400 16.9 10.9 36.0 


*ASM Metals Handbook (1948). 
**according to T. E. Leontis, Trans. AIME 180 (1949), p. 319. 





was claimed that the alloy has good welding charac- 
teristics and excellent pressure tightness. 

The effect of additions of small amounts of rare 
earth metals on the properties of ZK61 alloy cast- 
ings was reviewed previously! and preliminary re- 
sults showed that these additions considerably de- 
crease mechanical properties, especially in the fully 
heat treated (T6) condition. Results of a more ex- 
tensive investigation are shown in Figs. 7 and 8. The 
temper designations used in these graphs are: 

F —As cast 

T51—Aged for 24 hr at 180 C (355 F) 
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Fig. 7—-Effect of rare earth additions on tensile properties 
of sand-casting alloy ZK61. 


TABLE 6—CreEEP Limit IN 100 HR AT ELEVATED 











‘TEMPERATURES 
Testing Creep Limit (stress in kpsi) 
Alloy Temperature 0.1% Creep 0.2% Total 0.5% Totai 
Designation °C °F Extension Extension Extension 
ZK61-T6 100 212 9.5 8.0 13.8 
150 302 4.7 4.9 9.0 
200 392 1.1 1.9 3.2 
ZK51A-T5* 93 200 10.0 8.1 14.0 
149 300 5.0 5.0 11.4 
204 400 1.6 2.2 4.2 
AZ63A-T6* 149 300 3.5 4.0 8.5 
204 400 1.3 1.8 2.8 
AZ92A-T6* 93 200 8.5 7.8 13.5 
149 300 3.2 3.9 7.0 


*according to Hildebrand and Strieter* 





T52—Aged for 48 hr at 150 C (300 F) 
T62—Solution heat treated for 2 hr at 485 C (905 
F) and aged for 48 hr at 130 C (265 F). 

The somewhat lower solution heat treating tem- 
perature was used because rare earth additions lower 
the solidus temperature of ZK61 alloy. 

Figure 7 shows that rare earth additions above ap- 
proximately 0.3 pct considerably decrease the tensile 
properties of alloy ZK61, especially in the fully heat 
treated (T6) condition. The graphs for alloy ZK51 
(Fig. 8) show a similar downward trend, although on 
a lower level of properties. 

It seems that the considerable decrease of mechan- 
ical properties caused by the addition of 1-1.5 pct 
rare earth metals will limit the use of these alloys to 
cases where requirements for extreme pressure tight- 
ness override the cost factors. In all other cases it 
would be hardly worthwhile to use these alloys in 
competition with the long established and much 
cheaper magnesium-aluminum casting alloys with low 
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Fig. 8—Effect of rare earth additions on tensile properties 
of sand-casting alloy ZK51. 
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zinc contents, especially alloy AZ80 (7.5-8.5 pct Al, 
0.2-0.6 pct Zn, 0.15-0.40 pct Mn). This most versa- 
tile general purpose foundry alloy, used very exten- 
sively in Canada, has good weldability and resistance 
to hot-cracking, and shows, if properly prepared, very 
little tendency to microporosity. Typical tensile 
properties are listed for comparison in Table 7. 


TABLE 7—COMPARISON OF TYPICAL TENSILE PROPER- 
TIES OF ALLOYs ZE51 ANp ZE61 wiTH ALLOoys 
AZ80 Anp AZ91C 








Alloy UTS, 0.2% PS, Elongation, % 
Designation kpsi kpsi in 2in. 
ZE51-T5* 32 22 5 
ZE61-T5* 35 27 3 
AZ80-T4** 39 14 14 
AZ80-T6** 39 16 8 
AZ91C-T6** 40 20 6 


*Alloys ZE51 and ZE6l1, respectively, containing 1.25% rare 
earth metals, as shown in Figs. 7 and 8. 
**T4—-solution heat treated only. 
T6—solution heat treated and artificially aged. 





Commercial Castings—In a recent discussion of an 
A.F.S. paper!® it was stated that the “outstanding 
properties” of alloy ZK61 can be obtained only “with 
some types of test bar.” As mentioned already, 
throughout the whole investigation on high strength 
magnesium casting alloys cast-to-shape Dow-type test 
bars were used, as recommended in U.S. Federal Spec- 
ification QQ-M-56 and used in most U.S.A. and 
Canadian magnesium foundries. It was found by 
many workers in the U.S.A. and in Canada, including 


TABLE 8—TENSILE PROPERTIES OF STANDARD SIZE TEST 
Bars MACHINED FROM ZK61-T6 ALLoy SAND CASTING 
“A” (Fic. 9) 

(Melt No. 2049—6.02% Zn, 0.76% sol. Zr.) 





Elongation, % 





Test Bar Ultimate Tensile 0.2% Proof 
No. Strength, kpsi Stress, kpsi in 2 in. 
4 42.6 30.9 4.5 
7 45.8 30.0 8.0 
8 42.7 27.7 7.0 
10 43.0 27.7 8.0 
11 43.9 28.2 8.5 
13 44.1 27.0 13.0 
Al 38.8 26.4 3.5 
A2 34.5 28.4 9.0 
A3 46.0 30.0 10.0 
Bl 36.2 26.5 3.0 
B2 41.9 27.6 7.0 
B3 46.0 30.0 11.0 
Cl 39.2 26.4 5.0 
C2 44.0 29.0 7.0 
C3 39.9 26.3 6.0 
DI 39.9 26.3 6.0 
D3 39.6 27.6 3.5 
Max. value 46.0 30.9 13.5 
Min. value 34.5 26.3 3.0 
Average (17) 41.6 27.9 7.0 
Canadian D.N.D. Spec. 
C-28-97 (1950) for 42.0 min. 26.0 min. 5.0 min. 
separately cast bars 
Minima for test ‘bars 
cut from castings* 31.5 (75%) 19.5 (75%, 1.25 (25%) 


* According to U. S. Federal Specification QQ-M-56 (1950) for 
Magnesium Alloy Sand Castings the average ultimate strength 
and average elongation of test specimens cut from castings 
shall not be less than 75% and 25%, respectively, of the 
values specified for separately cast test bars. 
































SECTION “AA” 


























Fig. 9—Location of test coupons in ZK61 alloy prototype 
casting “A.” 


the present author, that test bars cast according to 
this mold design give consistent results and are suf- 
ficiently sensitive to changes in melt quality, which, 
of course, should be the main function of a cast test 
bar. British D.T.D-type machined test bars, it is 
generally agreed, represent to a large extent the skill 
and the experience of the foundry worker. This is 
very important in the production of good castings 
but should not affect a test of metal quality (not 
casting quality). 

In any case, the real value of a casting alloy has to 
be proved by the quality of commercial castings and 
their service characteristics. A considerable number 
of ZK61 alloy prototype castings, up to 100 Ib net 
weight, of various components of experimental mili- 
tary and other equipment was produced and tested 
in severe conditions with most satisfactory results. 
Aircraft castings have been produced regularly for 
some time now, and as reported recently by R. Small- 
man-Tew,?° due to the higher strength-to-weight ra- 
tio of alloy ZK61-T6, a number of high-strength Al- 
10 pct Mg alloy castings in the AVRO jetliner could 
be successfully replaced with considerable weight 


TABLE 9—TENSILE AND COMPRESSION PROPERTIES OF 
Test Bars MACHINED FROM ZK61-T6 ALLoy SAND 
Castincs “B” (Fic. 10) 

(Melt No. 2316—5.87%, Zn, 0.74%, sol. Zr.) 





Ultimate 0.2% Tensile 0.2% Compression 





Casting Tensile Proof Stress, Elongation Proof Stress, 
No. Strength, kpsi kpsi % kpsi 
] 42.8 26.4 7.8 24.9 
2 44.5 26.3 9.0 24.5 
3 43.1 26.5 6.8 24.7 
4 42.9 26.7 7.5 24.8 


Each value is an average of 4 results. 
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saving, an important aim of every aircraft designer. 

The quality of each new design of prototype cast- 
ings is, of course, tested on test bars cut from various 
sections of castings as required in the inspection of 
aircraft castings.? To illustrate values obtained in 
such tests Tables 8 and 9 present actual test results 
on two prototype castings, shown in Figs. 9 and 10. 
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Fig. 10—Location of test coupons in ZK61 alloy prototype 
casting “B.” 


Casting “A” had a net weight of approximately 50 
lb and standard size (0.505-in. diam) test bars were 
machined from various sections of the castings. The 
results from one of these castings, listed in Table 8, 
show high average values of tensile properties as 
compared with the requirements of the Canadian 
D.N.D. specification. Table 9 shows results of ten- 
sile tests on bars cut from a smaller casting (Figure 
10) which reveal high averages and a surprising uni- 
formity of properties. 

As a further illustration of casting properties a 
summary is quoted of results of inspection tests car- 
ried out at an aircraft factory on castings supplied 
by a commercial foundry. Eight ZK61-T6 alloy cast- 
ings of two different designs were cut into 67 test 
specimens of various sizes and shapes (round and 
flat) depending on the casting wall thickness, and the 
following tensile test results were obtained: 


UTS kpsi 0.2% PS kpsi Elong. % 








Maximum 44.8 32.9 (25)* 
Minimum 32.3 22.9 (2)* 
Average (67) 39.1 27.9 (9)* 


(*Elongation figures should not be compared with values for 
standard size test bars.) 


Considering the variety of cross-sections tested and 


the differences in test results due to the non-standard 
sizes of the test bars used, the results are satisfactory. 

Foundry Characteristics—One of the most import- 
ant factors in the consideration of any casting alloy 
is, of course, its foundry characteristics. There is no 
satisfactory definition of this complex group of prop- 
erties which includes easily measurable properties 
such as pattern shrinkage, casting fluidity, solidifica- 
tion range and heat transfer properties, pressure tight- 
ness, resistance to hot cracking, weldability (for cast- 
ing repairs), machinability, amenability to heat treat- 
ment and to surface treatments, etc. There are also 
other characteristics which are of prime importance 
to the practical foundryman and which can be gen- 
erally called as the “ease of handling” in the found- 
ry. This includes such consideration as the amount 
of care and time necessary for providing the proper 
conditions for melting, refining, alloying, pouring or 
handling of scrap, the sensitivity of the alloy to sand 
conditions and mold design, etc. 

In spite of statements to the contrary!*.1* there is 
no doubt that alloys ZK51 and ZK61 are more dif- 
ficult to handle and have somewhat poorer foundry 
characteristics than the older Mg-Al-Zn casting alloys, 
especially those with low zinc contents. Among the 
factors still to be overcome before the foundry oper- 
ator would define these alloys as easy to handle are 
the following: the necessity of additional alloying 
after each remelting, the importance of a thorough 
alloying procedure to achieve a high zirconium con- 
tent, more care in the design of gates and risers 
especially for larger castings,!* some sensitivity to mi- 
croporosity and hot cracking,!> poor weldability, and 
great care in scrap handling to avoid contaminations 
from aluminum or rare earth containing alloy scrap. 

There is no difference of any practical significance 
in the foundry characteristics of alloys ZK51 and 
ZK61. It was claimed that the higher zinc content in- 
creases the sensitivity to microporosity but this is gen- 
erally only a problem of proper gating and feeding. 
A considerable number of castings was produced 
using the two alloys interchangeably with no differ- 
ence in the handling of the castings. The only im- 
portant difference is the amenability to two-stage heat 
treatment as was discussed already (Figs. 5 and 6). 

In the field of general purpose alloys the choice of 
the material to be used for any particular applica- 
tion is in most cases based primarily on the produc- 
tion cost of the casting which depends to a large ex- 
tent on the foundry characteristics of the alloy. In 
highly specialized fields, such as the aircraft indus- 
try, the cost of materials is small compared with the 
fabrication costs of the equipment and the choice of 
materials must be based on their superior service 
characteristics. 

Research on high strength magnesium alloys is 
conducted mainly, if not exclusively, for the aircraft 
industry or for the production of airborne equip- 
ment, where the highest strength-to-weight ratio is 
one of the most important characteristics for any ma- 
terial to be used. As already stated magnesium cast- 
ing alloy ZK61 was developed especially to obtain 
the highest strength-to-weight ratio “for use in air- 
borne and transportation equipment where weight 
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is a major consideration.”* This aim has been 
achieved, as shown by the comparison in Table 
10 of strength-to-weight ratios of various magnesium- 
base and aluminum-base casting alloys. These ratios 
were calculated from the specification minima of the 
tensile properties because these are the values used 
by the designer. 


TABLE 10—STRENGTH-TO-WEIGHT RATIOS BASED ON 
SPECIFICATION MINIMA FOR VARIOUS LIGHT METAL 
SAND CASTING ALLOYS 





Specification Minima Strength-Weight Ratio 





Alloy UTS, 0.2% PS, Elong.,y% Den- UTS, 0.2% PS, 
Designation kpsi kpsi_ _in2-in. _ sity kpsi kpsi 





Magnesium Alloys 





ZK61-F 35 18 8 1.83 19.1 9.8 
ZK61-T6 42 26 5 1.83 23.0 14.2 
ZK51A-T5 34 20 5 1.82 18.7 11.0 
AZ63A-T6 34 16 3 1.84 18.5 8.7 
AZ91C-T6 34 16 3 1.81 18.8 8.8 
AZ92A-T6 34 18 1 1.82 18.7 9.9 
Aluminum Alloys 
GI10A-T4 42 (25) 12 2.58 16.3 (9.7) 
C4A-T62 36 a a 2.81 128 (11.0) 
SC51A-T71 30 (29) — 2.70 11.1 (10.7) 


Note: Specification minima for alloy ZK61 according to Cana- 
dian D.N.D. Specification C-28-97, all other values accord- 
ing to ASTM specifications for sand castings. Values in 
brackets are for typical (not minimum) properties. 





The considerable superiority of alloy ZK61 in me- 
chanical properties as compared with the lower and 
medium strength magnesium alloys listed, is from 
the user’s point of view much more important than 
the somewhat more difficult foundry characteristics. 
Alloy ZK61-T6 should be considered in the same cat- 
egory as other high-quality alloys which have to be 
handled in the foundry with special care but still 
are widely used because of their excellent perform- 
ance in service. Good examples of such alloys are the 
aluminum casting alloy G10 (10 pct Mg), various 
aluminum bronzes, stainless steels, etc. 


Summary 


Based on a previous description of the develop- 
ment of magnesium casting alloy ZK61 further data 
have been presented on the effect of variations in zir- 
conium ard zinc contents on various properties of 
Mg-Zn-Zr casting alloys and their amenability to heat 
treatment. Mechanical properties of alloy ZK61 have 
been compared with those of other magnesium cast- 
ing alloys and the effect of rare earth additions to 
Mg-Zn-Zr alloys has been described. Properties of 
commercial castings have been reviewed and various 
aspects of foundry characteristics have been discussed. 

The modern trend in industrial product design 
and in materials engineering is to demand the de- 
velopment of “custom-made” materials for specific 
service conditions. Magnesium-base casting alloy ZK- 
61-T6 has been developed to obtain a maximum ra- 
tio of strength-to-weight for use in aircraft and air- 
borne equipment. As shown in Table 10 the alloy 
possesses an exceptionally favorable combination of 
highest strength-to-weight ratio with good ductility. 
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Although the handling of this alloy in the foundry 
requires somewhat more care as compared with the 
older Mg-Al-Zn casting alloys with low zinc content, 
the outstanding-mechanical properties favor the use 
of ZK61-T6 in applications where high strength and 
low weight are of prime consideration. 
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DISCUSSION 

Chairman: A. T. Peters, The Dow Chemical Co., Bay City, 
Mich. 

Co-Chairman: W. D. Danks, Howard Foundry Co., Chicago. 

Recorder: M. V. CHAMBERLIN, The Dow Chemical Co., Bay 
City, Mich. 

W. P. Saunpers and J. F. Hicpesranp (Written Discussion): * 
The author is to be congratulated for a comprehensive treat- 
ment of the characteristics of a very interesting alloy. His 
efforts with the Mg-Zn-Zr system are well-known and this paper 
would seem to complete the picture. 

While most of our work at The Dow Chemical Company's 
Metallurgical Laboratories has been concerned with Mg+5Zn 
+Zr alloy (ZK51) we should like to concur with the author 
in the following: 

1. We have found about the same maximum tensile prop- 
erties with the T61 treatment, that is about 31,000 psi, 0.2 per 
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cent yield strength and about 46,000 psi tensile strengths in 
cast-to-size ZK61 test bars. 

2. We would agree that the lower aging temperature T52 
results in superior properties than those achieved with the 
T5l age. 

3. We would agree with the realistic statement that the 
ZK51 and ZK6l1 alloys are more difficult to handle and have 
somewhat poorer foundry characteristics than the older Mg- 
Al-Zn casting alloys. 

The tensile properties of bars cut from prototype castings 
“A” and “B” are indeed attractive. It is regretted that neither 
the casting size of casting “B” nor the gage length of bars 
cut from casting “B” were listed. Would the author care to 
comment on the large range of elongation values (2 to 25 per 
cent) shown for the non-standard size test bars cut from the 
inspection tests castings referred to in the paper? 

While sufficient data about elongation for ZK51 and ZK61 
alloys are shown in tables and mentioned in the text, the ab- 
sence of elongation vs zinc content data (or other variable) 
leads one to ask the author if he has noted any regularity 
here, as he has for tensile yield and tensile strengths. 

As a final note, we should like to discuss the statement that 
“effective” zirconium cannot always be identified with the 
analytically determined acid-soluble zirconium content. We 
should be in agreement if during dissolution of the sample 
the concentration of the solvent acid were permitted to be 
high (through improper preparation of the solution or through 
boiling the sample during dissolution). Tests in our labora- 


1 The Dow Chemical Co., Bay City, Mich. 
* Dow Chemical Co., Analytical Method, MLW-51.5R, March 27, 1953. 


tory indicate quite clearly that the concentration of the acid 
will affect the reported soluble zirconium level only if mucl 
“free,” or “acid-insoluble,” zirconium is present in the sample 
Since it is not always possible to be certain that the “free 
zirconium level is maintained at a low level in production-sizec 
melts, our laboratories have recently recommended* using a 
solution of 1-4 HCl (20 per cent conc HCI solution) and have 
further recommended that boiling be prohibited. These tech 
niques prevent some of the “free,” or “acid-insoluble zirconium’ 
(which is actually slightly soluble) from going into solution 
and thus erroneously reported as soluble zirconium. 

Mr. MEIER (Author’s Reply): The discussion of Messrs. Saun 
ders and Hildebrand is much appreciated, especially as it con 
firms some of the results presented in the paper. 

The weight of prototype casting “B” (shown in Fig. 10) was 
approximately 5 Ib and the gage length of the test bars cut from 
this casting was | in. 

The large range of elongation values (2-25 per cent) shown 
for non-standard test bars cut from aircraft castings was quoted 
directly from an inspection test report and should not (as it 
was said) be compared with results on standard test bars. It is 
known that elongation values on very small tensile test bars (as 
used in the Hounsfield Tensometer) are usually much higher 
and show a greater scatter than standard-size bars. 

A graphical correlation of elongation values vs zinc content 
was not shown, but the ranges of typical elongation values for 
various Mg-Zn-Zr alloys were given in the text of the paper as 
follows: 


for alloys containing 1 — 3% Zn — up to 25% 
4— 7% 2Zn— 814% 
8— 11% Zn— 3-5% 





me 


mi 
est 


fol 
the 
eq! 
Sta 
jus 
to 

as 

hai 
sul 
tio! 
ter 


tha 
casi 
Th 
dra 
tha 
mo’ 
tior 
be | 
age 
fer 

per: 


53-90 





PATTERN EQUIPMENT FOR SHELL MOLDING 


By 
0. C. Bueg* 

The shell molding process is a comparatively new per hour. It is more adaptable to present silicone re- 
method of producing castings with a smooth surface lease sprays. All pattern castings should be normal- 
finish. It lends itself to close dimensional tolerances ized before machining to pattern dimensions. 
that are much lower than can be obtained by the 3. In constructing patterns for shell molding, ther- 
conventional green sand method of casting. This new mal expansion should be taken into consideration. 
molding process eliminates machined finishes in many It is important that the temperature to be used on 
cases. It cannot be overemphasized that extreme ac- the pattern be decided upon before production of the 
curacy is necessary in producing the shell molding equipment is contemplated. Due to the accuracy re- 
pattern equipment, for which we have tried to lay- quired in making shell mold patterns, decimal equi- 
out the procedure by the following methods. valent measurements should be used. The surface of 

1. Some patterns do not adapt themselves to shell these patterns should be finished to a high polish as 
molding as readily as others. Therefore it is neces- any irregularity on the pattern will appear in the 
sary to determine whether the particular item at hand shell and therefor on the casting surface. 
has any saving possibilities of production by this In attaching the patterns to the pattern plate great 
method. When this question has been answered, the care must be exercised not to mar the working face 
pattern arrangement on the plate should be deter- of the pattern. It is better to fasten the patterns 
mined to obtain sound castings and produce the high- from the back side of the plate not allowing screws, 
est yield. pins, etc. to go through to the working face of the 

2. The next step is to determine the proper alloy oe oe ee arnapen 2 wmpertee- 
on Saalies the wenn ieee tenets te tion if this rule is not followed. All pins, screws, 

ee ee : bolts, etc., should be thoroughly locked in place for 
the alloy used often controls the cost of the pattern oar tee ; ; Rosas: 

5. eee ae : steel products have a greater expansion than the pat- 
equipment. Many times the question arises, from the Stl tell tiaiied a Geni i eae 
standpoint of annual requirement, whether this cost — mn “cd 7 hie wii. “4 = oe bs ‘apie 
justifies the savings involved. Aluminum alloy is used ay er ee ae ee 
to many advantages in making shell molding patterns Gating of Shell Mold Patterns 
as often times low production items are manually 4. Experience will dictate the need for keeping the 
handled for making shells. Pressure-cast plates are gates on shell mold patterns a separate unit of the 
suitable for shell molding patterns if proper precau- equipment as many gating arrangements may have to 
tions are taken in the construction of the master pat- be tried before the desired results are obtained from 
tern to be used in making up the metal plate. shell mold castings. One of the important features, 

Where flat partings are used, it is recommended where vertical pouring has been decided upon, is to 
that machined mounted patterns be used as in many keep the gate sizes at a minimum giving a maximum 
cases only one plate is necessary to produce the shell. yield and sounder castings. Generally speaking, gates 
This particular plate makes both halves, cope and and risers are smaller than those needed in green 
drag. Mounted patterns have another advantage in sand casting. Considerable gating experience is 
that from time to time these patterns can be re- needed to obtain the best results for shell molding 
moved for possible alterations. Where higher produc- castings. 
tion is required it is suggested that cast iron patterns 5. Sand resin retaining strips are advisable on shell 
be used because gray iron has greater wear and dam- mold pattern plates. The thickness of the strips are 
age resistance. Cast iron also has a better heat trans- determined by the thickness of the shell desired which 
fer value. This alloy can be used at a higher tem- usually depends upon the weight of the casting to be 
perature making it possible to produce more shells poured. These strips should be tapered for ease of 

shell release. The area at the largest part should be 
greater than the dump box upon which the pattern 

* Arrow Pattern & Engineering Co., Erie, Pa. is being used. These strips prevent the uncured shell 
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from falling away from the pattern plate when the 
pattern is returned to its inverted position. It is 
sometimes necessary to place retaining strips on the 
face of the pattern plate when insufficient pattern de- 
tail is absent. 

6. It is necessary to use identical alloys for making 
of the pattern equipment and the plate, sand strips, 
ejector plate, etc. Any deviation from this practice 
will result in strains due to uneven expansion and 
contraction, causing difficulties after the plate is 
heated to the desired temperature for making shells. 

7. In original pattern plate layout, careful con- 
sideration should be given to the push-out pin ar- 
rangement due to its importance in extracting the 
shells from the pattern plate. Various types of push- 
out pins can be used. The pattern plate should be 
constructed to receive the type of push-out pin se- 
lected. It is advisable to have flush pins wherever 
possible. However on some types of equipment it is 
necessary to have restraining pins. These pins need 
not be of the same material used on the pattern 
plate as their expansion is not in the same direction 
as the plate itself. All pins used should be of a uni- 
form alloy. Where a good shell draw machine is in 
use for ejection of the shell it is most desirable to 
use a pin lift plate as this provides a more even shell 
lift and reduces the number of springs required to 
bring the pins into the original position. This plate 
has many advantages. 

8. Matching buttons should be provided on all 
shell mold patterns. Extreme care must be taken to 
assure a perfect match whether a single plate is used 
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or a cope and drag plate. These buttons should hav. 
enough draft for ease of matching and provide suf 
ficient rigidity to hold shells in proper alignment to 
each other. 

9. Electrically-heated patterns provide a_ greate: 
problem than the conventional dump box type oi 
pattern and require careful engineering to produc« 
the heat desired as well as uniform heat transfer to 
the pattern plate. The shell cycle is also an important 
factor as well as the amount of sand invested. This 
point of the operation has a definite cooling effect 
upon the pattern equipment and necessary steps 
should be taken to maintain uniform heat over the 
entire pattern and plate area. 

10. The most recent development in the shell mold- 
ing process is the uniform thickness of shell which 
helps to control the shell cost. This discovery has 
many advantages over the shell made by the dump 
box method. The present expected rate is 480 molds 
per hour. Pattern equipment itself and also pattern 
heating arrangements require careful engineering. 
This method lends itself to closer dimensional casting 
control because the back-up is entirely different. The 
back-up frames are a part of the pattern shop’s prob- 
lem. These frames should have the same accuracy as 
the shell itself and should be constructed so as to give 
the proper support to the shell and casting. Due to 
the speed these shells are being produced and the 
minimum time to place them into the back up frames 
for pouring off this method has every possibility of 
surpassing other methods of back-up or green-sand 
molding. 
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TRENDS IN CUPOLA 


By 


DUST COLLECTING SYSTEMS 


Kenneth M. Smith* 


In choosing a cupola dust collecting system today, 
the first decision which must be made is whether to 
install a medium cost, medium efficiency system which 
will remove enough of the stack gas solids to elimin- 
ate local neighborhood dust nuisances and avoid 
foundry roof cleaning costs, but which at the same 
time will not accomplish any striking improvement 
in stack discharge appearance, or whether to install a 
high cost, high efficiency system which will remove 
practically all of the stack gas solids in order to ob- 
tain an essentially clear stack gas discharge. 


Medium Efficiency Dust Collectors 


The simplest medium efficiency cupola dust collec- 
tor consists of an enlarged circular shell approxi- 
mately twice the cupola stack diameter which is 
mounted directly on top of the cupola stack. This 
shell is equipped with water sprays for knocking 
down the dust, baffle plates for catching the dust 
carrying water drops, and a drain section for discharg- 
ing the water to a sluiceway which conveys the water 
and dust to settling tanks. The sluiceway, the settling 
tanks for separating the dust from the water, and the 
spray water pumps can be installed in the most con- 
venient available space, thus requiring only minor 
building changes from the installation of this type 
system. 

Dry dynamic dust collectors of either the rotary 
impellor or fixed vane types are also used in medium 
sprays will be required in the ducts to reduce the gas 
efficiency systems. Comparatively low volume water 
temperature in order to protect the dust collector. 
The installation of the collector itself may require 
building changes, but settling tanks will not be re- 
quired. Consideration must be given to the problem 
of disposing of the collected dry dust. 

Conventional wet type foundry dust collectors also 
can be used as medium efficiency cupola dust collec- 
tors by installing gas cooling water sprays in the ducts 
ahead of the dust collector. These wet collectors may 
removal conveyors, or they many discharge through 


*Foundry Engineer, Caterpillar Tractor Co., Peoria, Ill. 
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have self contained sludge settling tanks and sludge 
removal conveyors, or they may discharge through 
a sluiceway to settling tanks. The installation of these 
collectors frequently require building changes because 
of the collector size and weight. 

The electrostatic dust collector so widely used 
in power plants has as yet not been obviously success- 
ful in producing a clear stack gas discharge from 
foundry cupolas because a high per cent of cupola 
dust is very much finer than steam boiler dusts. The 
electrostatic collector to date should be classified as a 
medium efficiency cupola dust collector. Water sprays 
for cooling the cupola stack gases are necessary to pro- 
tect the dust collector materials against temperatures 
above 500 F. They are also necessary because high 
humidity of the dust-laden gases is needed in order 
to accomplish a useful collector efficiency. In order 
to maintain a uniform collector efficiency a sectional 
collector design should be developed which will stop 
the gas flow in each section while the accumulated 
dust is being vibrated from the collector plates so the 
dust can fall into the collector hopper without being 
carried back into the collector. 

There is some hope that lower voltage, lower cost, 
high efficiency electrostatic dust collectors suitable for 
cupola service will be developed. 


High Efficiency Dust Collectors 


Up to the present time only two similar dust col- 
lector designs have been successful in producing a 
clear stack discharge from the cupola. One collector 
design uses large diameter glass cloth filtering tubes 
arranged vertically. The second collector design uses 
smaller diameter orlon synthetic fiber tubes also ar- 
ranged vertically. The glass cloth will withstand op- 
erating temperatures up to 500 F, and the orlon cloth 
will withstand temperatures up to 275 F. 

Water sprays are used in the ducts to control the 
gas temperature reaching the collectors in order to 
protect the cloth tubes. A primary separating cham- 
ber is used ahead of these collectors to remove the 
large dust particles. 

In cold weather visible steam may form as the 
highly humidified collector discharge gases mix with 
the cold outside air. 





732 


Oil Fume Removal by Hot Blast Systems 


The volume of. oil smoke produced by oily sheet 
steel, briquetted steel turnings, or oily briquetted cast 
iron borings which may constitute an appreciable 
part of the metal charge should be considered in 
choosing a cupola dust collecting system. This oil 
smoke is a definite nuisance when winds carry it down 
into the surrounding neighborhood. 

The most effective way of removing this oil smoke 
is by burning it in a combustion chamber or in a tall 
cupola stack. Since a combustion chamber suitable 
for burning this oil smoke is a necessary part of the 
heat recovery type of cupola hot blast air heater sys- 
tem, the economics of such a system should be care- 
fully studied. 

The above type of hot blast system may increase 
cupola melting rates as much as 20 per cent, and the 
coke consumption per ton of iron melted may de- 
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crease as much as 15 per cent. Fortunately the wider 
range of cupola hot blast system sizes now available 
makes their installation practical on smaller diameter 
cupolas than has been the case in the past. The hot 
blast heat exchanger may be followed by either a 
medium or high efficiency cupola dust collector sys 
tem for which the heat exchanger will serve as the 
primary collector for the coarse dusts. 


Conclusion 


If an inconspicuous cupola stack discharge is de 
sired, a collector efficiency greater than 95 per cent 
by weight will be needed because of the extremely 
small size of the metal oxide fumes. If a clear stack 
discharge is desired, collector efficiencies better than 
99 per cent will undoubtedly prove necessary. In 
order to maintain such high efficiencies, continuous 
dust discharge designs will be needed for all types of 
cupola dust collectors. 
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REFRACTORIES FOR INDIRECT-ARC ELECTRIC FURNACES 
FOR NON-FERROUS MELTING 


By 


Martin G. Dietl* 


Of all the problems that beset a foundryman, per- 
haps none is so vexing as the interrupted flow of 
ready metal caused by failure of the furnace lining. 
At that time it is not only important to hold the 
workers to a continued high standard of performance, 
but also that the immediate problems associated with 
furnace repair be solved. 

At one time fireclay brick type refractories were 
supplemented with mullite-type refractories in a fur- 
nace to produce a “balanced” unit; one in which fail- 
ure of all parts occurs simultaneously. The objective 
was to produce maximum tonnage or output at low- 
est refractory cost per ton. In recent years, however, 
due to high labor rates and the desire for longer life 
and furnace availability, the 100 per cent mullite-type 
of refractory has gained a great deal in popularity, 
and in most cases has shown economy. 


Refractory Selection Factors 


With so many different refractories on the market, 
the furnace operator should be able to select the one, 
or a combination, that will do the best job. The 
various types of refractories are made with differ- 
ences in grain sizing, structure and firing tempera- 
tures. Even after long experience both the manu- 
facturer and user of refractories cannot make definite 
recommendations due to variations in service condi- 
tions—not the least of which is the human element. 
The best refractory for the job can be determined 
by considering the following factors: 

1) What is the furnace operating temperature? High 
—above 2600 F; moderate—2300 to 2600 F; low—be- 
low 2300 F. ‘ 

2) Are the refractories heated only from one side? 

3) Is melting continuous or intermittent? Are tem- 
perature fluctuations rapid or slow? 

4) Is there any direct flame impingement upon the 
refractory? Are the hot gases laden with fluxes or 
dust? What is the gas velocity? 

5) Is the furnace atmosphere oxidizing or reduc- 
ing? 

6) Are the refractories acted upon chemically by 


*Foundry Production Engineer, Schaible Co., Cincinnati. 
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molten metals or metallic oxides, or by fluxes such 
as slags? 

7) Are the refractories subjected to heavy loads or 
abrasions at high temperatures? 

8) Is the heat to be conducted or retained? 

9) Need electrical conductivity or dielectric strength 
be considered? 

10) Possible effect of furnace design. 
struction good or bad? 
The best material for a particular purpose is gen- 
erally determined by one or two essential require- 
ments, while the others assume a minor role. 


Is the con- 


Testing of Refractories 


Tests have been devised for measuring the resist- 
ance of refractories to the many factors which cause 
their destruction. Again, no test has been developed 
which will simulate service conditions and account 
for the human element. Refractoriness in itself is 
measured in two ways: 1) as P.C.E. or softening 
point; 2) As refractoriness under load. 

If the refractory is largely crystalline material, like 
silica, mullite, or sillimanite, the P.C.E. alone will 
give sufficient indication of the refractoriness. On 
the other hand, refractory materials have no definite 
melting point, as metals have, but soften gradually 
under heat. For that reason the so-called melting 
points of clay-base refractories, containing amorphous 
or glassy constituents, is merely the temperature at 
which a definite degree of softening has occurred. In 
such cases both P.C.E. and load tests are essential if 
serviceability is to be predicted with any degree of 
accuracy. 

Pyrometric cone equivalent (P.C.E.) is a measure- 
ment of softening behavior as indicated by the tem- 
perature at which a cone of the refractory touches the 
base in which it is mounted when heated at a given 
rate, as compared with a standard cone. 

Deformation under load is determined by the per- 
centage subsidence after heating a whole brick uni- 
formly, at a predetermined temperature and under a 
given load, usually 25 or 50 psi. In general furnace 
construction the brick are usually heated on only 
one face; the cooler portions will carry a load up to 
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1,000 psi without settling, provided the wall is not 
insulated. 

Refractories which are predominantly crystalline, 
such as silica, sillimanite, or mullite, silicon carbide 
and corundum, are usually outstanding for ability to 
carry heavy loads at high temperatures without sub. 
sidence. Having a sharper softening range, they can 
be insulated without suffering as much loss of either 
hot strength or load-carrying ability. The develop- 
ment of a crystalline, mullite structure in fireclay 
brick by special heat treatment increases the rigidity 
under load. 

Shrinkage is an important cause of failure and can 
be tested at any desired temperature. By proper grain 
sizing, selection of bond and proper burning treat- 
ment, manufacturers have reduced or eliminated res- 
idual shrinkage in many of the commercial products. 
The super-duty fireclay brick is a case in point. 


Spalling of Refractories. 

Spalling is divided into three classes: 1) thermal; 
2) structural; 3) mechanical. The spalling properties 
of refractories have been studied extensively and are 
not only well understood, but also means for testing 
have been so well developed that noteworthy im- 
provements have been made in several classes of avail- 
able products. It has been shown repeatedly that 
thermal spalling is a function of thermal expansion, 
elasticity, plastic flow, and heat transfer. If the brick 
had no expansion upon being heated, it could not 
spall thermally, since no stresses would be produced. 

The application of heat to one end or face of a 
brick causes the heated area to expand. If the brick 
does not have sufficient elasticity to conform to this 
increase in size of the heated end, it will crack or 
spall under the strains that are set up. Again, if the 
refractory possessed a higher degree of heat transfer, 
the difference in temperature between any two points 
or planes would be minimized. Any difference in size 
would be reduced, thereby modifying the strains 
which cause spalling. With ordinary fireclay brick 
and shapes containing plastic or semi-plastic clays as 
bonding agents, the usual method of increasing the 
spalling resistance is to use larger portions of raw or 
calcined flint clay. 

Structural spalling covers the loss of refractories 
caused by a change in their structure during service. 
This is an important point to remember when check- 
ing spalling of refractories in the linings of indirect- 
arc furnaces. Shrinkage is one of the many condi- 
tions produced by service, usually as the result of a 
reaction at the hot face of the refractory and the 
furnace charge or slag. The difference in dimension 
between a slag soaked surface and the remainder of 
the brick may cause a separation, more pronounced 
in furnaces which are brought up rapidly to a high 
temperature. 

Mechanical spalling may occur as a result of lack 
of provision for the expansion of brick work. 

It is characteristic of the plastic and semi-plastic 
clays used in super-duty fireclay brick to develop 
rather large percentages of glass when fired, or used 
at high temperatures. This is caused by impurities 
or fluxes present in the raw material and the fineness 
of the grind. It is this vitrification which results in 
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brittleness when subjected to spalling strains and 
which produces shrinkage through surface tension. 

The development of the non-spalling super-duty 
brick is the result of the elimination of these vitri 
fying clays, using pure grades of flint clay instead, and 
carefully controlled grain sizing and particle shape. 
The bond in this brick is obtained by close packing 
due to scientific grain sizing, higher molding pres- 
sures, and hard burning. The porosity is naturally 
low, and density or weight per cubic foot is high. 
The hot-load strength is only fair, however, as the 
grains are bonded only at contact faces or points. 


Attack of Refractories by Slag 
Slag attack is one of the most destructive forces 
determining the life of foundry refractories. The 
oxides of metals attack refractories more readily than 
the metals themselves. The more common fluxing 
oxides encountered are: 


FeO and Fe,O, ZnO MgO 
CaO PbO and Pb,O,; Na,O 
CuO B,O, K,O 


All of these react with aluminum silicate refractor- 
ies to form low melting compounds. Slag reaction 
usually causes the formation of such compounds. The 
phenomenon begins in the charge itself, and the slag 
formed progressively dissolves the constituents of the 
refractory. Ultimately an equilibrium would be 
reached, but metallurgical processes are seldom long 
enough for this. An equilibrium established at a 
given temperature will be disturbed as the tempera- 
ture increases. Since most heats are brought up to 
temperature as rapidly as possible, the slag is always 
changing composition. As a rule it becomes more 
fluid and active with regard to the refractory lining. 

If the slag is turbulent, it washes the lining and 
the reaction products are carried off, exposing new 
surfaces to attack. A viscous slag will not destroy the 
refractory as rapidly as one which is fluid, other con- 
ditions being equal. The reaction products will not 
diffuse through the viscous slag as readily as through 
a fluid slag. This tends to retard the rate of attack 
due to the establishment of a partial equilibrium. 

With the foundry industry constantly seeking ma- 
terials of better life, less maintenance, and lower re- 
fractory costs per ton melted, improved furnace lin- 
ings were developed. In the production of the mullite 
or sillimanite type of refractory the kyanite rock is 
crushed and then calcined in a rotary calciner at a 
temperature of 3000 to 3100 F to convert it to mul- 
lite. The calciner product is then further crushed 
and graded into several grain sizes, the coarsest mater- 
ial being about 4 mesh. 

In compounding a batch the required weight of 
each grain size is drawn from storage tanks and placed 
in a mixer or blunger according to the method of 
forming to be employed. In the case of dry mixing, 
the bond is then added to the mullite and the batch 
mixed carefully for a definite length of time, and 
tempered with water to contain the proper amount 
of moisture for pressing, ramming or soft-mud form- 
ing in plaster molds. After forming the refractory by 
any of these methods, it is carefully dried to a maxi- 
mum of 1.5 per cent moisture, and then fired in a 
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continuous tunnel kiln to a temperature of 2960 F. 

After firing, standard brick and shapes are ready for 
inspection and shipping. Some special shapes and 
close tolerance items must be finished after firing by 
grinding to meet specifications and assure a proper 
fit of furnace lining components. In all these steps 
careful control must be exercised throughout, begin- 
ning with raw material analysis and on down through 
calcining, mixing, grain size control, forming, drying, 
and firing. 

A typical analysis of kyanite-mullite is as follows: 


Formula Al,O0,SiO,—kyanite 


Perr 
SE ike sa cuicenicaateitee 38.4 per cent 
BE eiakWeeb denen een 0.9 per cent 
ST -ctcascssennamanae 0.6 per cent 
a Serer ers 0.5 per cent 
BE. dinww ad eames oo , eens 


Specific Gravity .......... 3.56-3.67 


Kyanite inverts to mullite (3A1,0,SiO2) and sili- 
ceous glass at a temperature beginning at 2460 F with 
a formation of about 14 per cent siliceous glass, a 
drop in specific gravity to 3.1, and an increase in vol- 
ume. Conversion is slow at lower temperatures, and 
in commercial practice the temperature should be at 
least 2910 F. This material has found widespread re- 
fractory use because of its ability to withstand high 
furnace temperatures without reacting with the ma- 
terial being melted or with fluxes, or furnace gasses. 
It makes a superior refractory because of absence of 
softening below the melting point of 3300 F, high 
mechanical strength, good insulation at high temper- 
atures, resistance to shock, and low, uniform thermal 
expansion. The strength is due to long interlocking 
crystals which provide, in a mullite-type body, ex- 
cellent resistance to deformation under load at ele- 
vated temperatures (Table 1). 


TABLE 1—-CHEMICAL ANALYSIS AND PHYSICAL PROPER- 
TIES OF VARIOUS GRADES OF MULLITE-TYPE PRODUCTS 








Standard Grade 67% Grade 72% Grade 

Al,O, 61-62 67-68 71-72 
SiO, 34-36 29-31 24-25 
Fe,0, 0.50-0.70 0.65-0.85 0.40-0.60 
TiO, 1.25-1.50 1.35-1.65 0.50-0.75 
MgO 0.20-0.30 0.20-0.30 trace 
CaO 0.20-0.30 0.20-0.30 trace 
Alkalies 0.30-0.50 0.30-0.50 0.60-0.80 
Weight per ft* 148 lb 150 Ib 145 lb 
P.C.E. Value cone 37 plus 38 plus 39 plus 
Reheat shrinkage expansion 

at 3000 F 0.35 0.0 0.52 
Apparent 

porosity, % 21.5 19.7 28.7 
Bulk Sp. Gr. 2.38 2.40 2.31 
Spalling 

resistance Good Good Fair 





In the past dozen years or so, the indirect-arc rock- 
ing furnace has undergone many improvements. The 
adoption of the shell with conical ends has increased 
furnace capacity and improved refractory service as 
the arc has been moved away from the lining. De- 
veloped for melting brass and other copper-base al- 
loys, the newer furnaces also are finding a ready ac- 
ceptibility in the ferrous melting field. Since the roof 
area of the lining above the arc is not protected by 
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the metal bath and thus is subjected to the direct 
radiation of the arc, a fundamental weakness of the 
furnace develops. 

The refractory in this portion of the lining may 
run as much as 300 to 500 F hotter than the metal. 
Lining breakdown is imminent. Therefore a mullite 
or sillimanite type of lining is preferred over the 
super-refractory clay-type lining. The increase in price 
of the high temperature lining is actually a saving 
when examined in the light of today’s high labor 
costs. Also, lining life can be prolonged by careful 
patching with suitable refractory cements of com- 
parabJe composition. At one time, many old-design, 
straight-shell indirect-arc furnaces were operated with 
completely rammed linings; however, the cost and 
nuisance of installing and burning in such one-piece, 
or monolithic, linings, plus the aforementioned im- 
proved furnace design, lead to the development of 
superior bricks and special shapes. 

These refractory improvements resulted from grad- 
uated grain sizing, controlled particle shape, better 
methods of packing and molding practices, and high- 
er burning treatments. The use of super-duty refrac- 
tories, 72 per cent Al,O;, is highly questionable in 
the indirect-arc furnace. Normally the furnace oper- 
ates at temperatures too low to allow the thorough 
vitrification of the mortar to take place. A good joint 
will result only if such a setting takes place at 2800 
to 2900 F. However, the super-duty refractory is 
needed to withstand metal, slag, and fume attack. On 
the other hand, a monolithic lining is thermoplastic 
at the lower temperatures, and also affords a better 
continuous bond instead of the brick joints. 


Installation of Refractory Lining 

The actual installation of a special shapes lining 
should be performed with care. Obviously the steel 
shell ifself, in order to take the new lining, must be 
in a clean and well repaired condition. Then only 
can the new lining be fitted with a minimum of 
grinding and cutting of the last brick. As the type 
LFC shell stands on end, the lining installation be- 
gins with the laying up on the insulation, either cut 
from straight brick, or consisting of properly marked 
and indexed shapes to suit the particular furnace 
size. 

The use of the new castable insulation will be 
described later. The larger furnaces, like type AA 
conical shell, having no removable end plates, lie in 
the horizontal position; all the work being done 
through the charging door. If the insulation is placed 
in the furnace with great care, it may stay in the unit 
to receive several new refractory linings. As a rule the 
fitting of the insulation is not too difficult. It is ad- 
visable to allow a completed insulating lining to dry 
for 24 hr before work is begun on the placing of the 
refractory. In the case of the type LFC, and LFY fur- 
naces, the refractory end wall is a large, single-piece 
disc. 

After being placed in position, it should be rammed 
solid with dry ramming cement. Proper grooves on 
the outside diameter of the end wall receive the sup- 
plementary grooves of the special shapes that consti- 
tute the barrel of the furnace. The lining fits to- 
gether in much the same way as the segments of an 











Fig. 1—The first sillimanite course sector has been placed 
beginning at the door sill. Proper placement of this block 
is important. j 


orange. The centers of the end discs are punched 
out to receive the electrode with its electrode sleeve. 
Again, great care is to be exercised in buttering all 
sides of all refractory shapes in such a manner that 
a tight joint is produced every time. 

In spite of the fact that the refractory supplier does 
his best to supply a well fitting lining, more often 
than not it becomes the duty of the workman to fit 
the last lining segment. Usually a bricklayer’s ham- 
mer and a grinding wheel are used to whittle the 
piece to fit. The door jambs are best supported by a 
wooden block until the completed lining has set. 
Finally, the second end wall, having been mortared 
into place, is also rammed tight with dry cement. 
The end-wall insulation is cut from regular straight 
brick and laid into place. The steel end plate is re- 
placed and wedged tightly. 

Type LFC, LFN, and LFY furnaces of more recent 
manufacture are supplied with two rows of drilled 
and tapped holes around the cylindrical part of the 
shell. These are used for supporting studs for the re- 
fractory as shown in Figure 2. If the shell does not 
have these holes, they should be provided before 
proceeding. The holes can be located by loosely set- 
ting in place the refractory shapes, and drilling and 
tapping two holes for 3%-in. bolts behind each cir- 
cular course as illustrated. These holes will also serve 
as vents when drying and preheating the new lining. 
The thickness of the outer lining behind the end 
disc is 214-in, for the above types of furnaces. This 
thickness for the lower end disc can be provided in 
several ways: 

If a few 9x414x214-in. insulating straight brick are 
available, the end wall can be laid up in the afore- 
mentioned manner by cementing in place with a 
suitable cement. In this case the brick need not fit 
the circle of the shell as the castable material will 
later fill any voids at the outer edges. 

A pre-cast insulating end disc 214-in. thick with 
approximately 24-in. outside diameter and 8-in. in- 
side diameter may be used by making up such in a 
simple ring form. A coat of cup grease applied to 
the surface of the form wiil make it easier to with- 
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draw after the castable material has set. A suitable 
amount of the castable material should be mixed ac- 
cording to the manufacturer’s instructions and poured 
into the form. Allow the cast to stand at least 4 hr 
to set up firmly before it is placed in the shell. This 
piece can be made beforehand. 

Also, the insulating end disc can be cast in the 
shell. A wooden plug or mandrel is inserted in the 
port hole opening. A few 9x414x214-in. insulating 
brick are broken and placed strategically for spacers 
in the bottom of the shell, and to serve as a height 
gage in pouring the castable material. After allowing 
to stand for one hour, the castable material has de- 
veloped enough strength to support the refractory 
end disc, this time being made up of two halves 
Care must be taken that the end disc is flat, properly 
centered, and has a good cement joint. 

Even though the complete refractory lining was 
carefully fitted and assembled in a steel gage prior 
to shipping, it might be well to install all the cir- 
cular course sectors loosely in place without cement 
to insure a good fit. The 3%-in. bolts fitted in the 
tapped holes are used as set screws to adjust the sec- 
tors in their proper location. With the set screws and 
a plumb-bob, it is possible to keep the joints vertical 
and the open end concentric, and of the desired dia- 
meter. It is vital that the face joints are kept radial. 

The permanent laying up of the circular sectors 
starts with the door’still clamped in place as shown 
in Fig. 1. It is important to start with this first piece 
carefully located and in line or trouble will be en- 
countered with each successive piece. Wetting the 
bonding surfaces of the refractory shapes before ap- 
plying the cement will prevent rapid drying of the 
cement and make it easier to slide the blocks in place, 
and to obtain uniform joints. 

A full joint should be troweled on the bonding 
face and on the end which fits against the end disc. 
Slide and tap into place, squeeze out the excess ce- 
ment (Fig. 2). The door jambs are installed last, and 
wedged securely into place to obtain a tight fit (Fig. 
4). A good cement joint must be obtained when the 
top refractory end disc pieces are placed in position. 
Waste or rags stuffed around the shapes which make 





Fig. 2—Sillimanite course sectors in place and bonded. 
Supporting stud locations are shown. 
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up the door opening will prevent the castable ma- 
terial from running out when the insulation is cast in 
place. : 

A cement mixer can be recommended to mix the 
castable material due to the large volume involved. 
Air pockets and any possible voids in the insulation 
can be worked out by inserting a thin steel rod be- 
tween the steel shell and the refractory. A wooden 
plug or mandrel in the top end disc opening will 
stop the castable material from flowing into the open- 
ing when the top end wall is poured. The loose steel 
end plate can be locked into place as soon as the 
castable is poured. After the cast insulation has set, 
the 34-in. adjusting bolts and the waste around the 
door can be removed. The shell should be allowed to 
set up over night before the door is filled in with 
refractory patch. 

Best results will be obtained in service if the new 
lining has been thoroughly dried and preheated be- 
fore charging the first heat. A coke fire or lazy gas 
torch will help to expel mechanical water before pre- 
heating with the arc. Six to 8 hr at 300 to 400 F is 
sufficient. The furnace should be preheated with the 
arc according to the following schedule: 

5 KWH once each one-half hour for 2 hr 

8 KWH once each one-half hour for next 2 hr 

12 KWH once each one-half hour for next 2 hr 
At the end of this time a total of 100 KWH has been 
applied and the lining should be a dull red. The 
power may then be left on continuously at 100 KW 
input until 20 additional KWH have been applied, 
or until the lining temperature reaches approximately 
2700 F. The power is then turned off, and the lining 
allowed to cool over a 30-min period to a bright red 
before the door is removed. The lining is then ready 
to receive its first charge of metal. 

In the case of the type AA conical shell furnace, 
the barrel sections are split perpendicular to the fur- 
nace axis, but are so marked that in assembly the 
vertical joints are offset. Again, the furnace is placed 
on end to install the insulating shapes; the refractory 
lining, however, is installed as the shell lies on its 





Fig. 3—All sillimanite course sectors and door jambs are 
securely wedged in place. End discs are ready for place- 
ment. 





Fig. 4—Door opening before castable refractory is poured 
and before the door has been sealed. 


horizontal axis. A helper is required to pass such 
shapes to the workman inside the furnace. Also, both 
end walls and the barrel sections are built up to- 
gether, the furnace being rolled as the work pro- 
gresses. 

The conical shell lining does not require electrode 
sleeves as a tight fit is accomplished with the electrode 
porthole cooler and the electrode. Some practices 
claim that silicon carbide (SiC) shapes have proved 
unexcelled for door blocks, and frequently for the 
assemblies around the door openings, as this refrac- 
tory has outstanding resistance to destruction from 
heat, shock, and mechanical abuse when hot. The 
writer's experience has been that not enough advant- 
ages were realized by this type of practice since even 
in the smallest lining repair, the door assembly is 
knocked out to facilitate the repair in the furnace 
interior. 

In the case of preformed and prefired SiC door 
bricks, enough dimensional variations existed in fit- 
ting the brick to the steel door and its bolt holes 
that a great deal of work was necessary to make a 
furnace door. Even then, the SiC shape suffered 
whenever the steel bolts were drawn too tight to per- 
mit easy expansion of the door. Usually failure oc- 
curred through the bolt holes. 

This defect was in part overcome by ramming in a 
SiC cement shape right on the steel door. Doors were 
imbedded in the rammed mass which was shaped by 
a removable steel frame. The SiC rammed in the 
door was allowed to dry in a hot room, the final fir- 
ing being performed when the door was placed in 
use. The completely lined furnace shell should be 
allowed to air dry for 2 or 3 days before a charcoal 
fire is introduced. ‘The longer such slow heat can be 
applied, the slower the lining dries, actual mortar 
vitrification being deferred until the furnace is in- 
stalled and used. 

Mention has been made that electrode sleeves were 
not used. Experience has shown that in any sleeve 
repair such as the removal of entrapped metal spill- 
ings, the sleeve is easily cracked. Such cracks further 
the chances of additional metal leakage to the elec- 











Fig. 5—Pouring castable refractory mixture. Limber steel 
rod or strap is worked through mixture to consolidate 
lining. 


trode. A short circuit results. In place of the sleeves, 
each electrode is wrapped with heavy wrapping paper 
at the sleeve section and is clamped in the electrode 
holder. After the electrode holder brackets are ad- 
justed so that the electrodes meet on center in the 
middle of the furnace, the sleeves are rammed up 
with dry ramming cement. During the preheat of 
the furnace the wrapping burns, leaving the proper 
electrode clearance. It is advisable that the sleeves 
always be washed with alundum cement. Higher re- 
fractoriness and electrical insulation are gained. 


Drying New Refractory Linings 


Since the preheating and melting practices are sig- 
nificant factors determining refractory performance, 
a slower rate of heat input in drying out the new lin- 
ing will reduce refractory costs. Preheated accord- 
ing to the foregoing schedule, the LFC type furnace 
should have a refractory life of from 800 to 2000 heats, 
depending on whether the melting unit produces high- 
nickel alloys, or red brasses. Similarly, with reason- 
able refractory repair, the LFY unit should be good 
for about 3000 heats; and the AA conical shell fur- 
nace will produce about 5000 heats before a com- 
plete relining is necessary. 

In the case of the type AA straight-shell furnace, 
the refractory problem is somewhat different. Being 
built completely of straight and arch bricks, this 
lining has many joints as compared with the same 
capacity furnace of the type AA conical shell. In 
the latter, the best super refractory is desired; in the 
former, a super-duty fireclay brick does a good job 
because it builds a balanced unit. The many joints 
are the weak spots in that furnace. Care exercised in 
laying brick always pays big dividends in longer re- 
fractory life. 

Wide, poorly filled joints of a doubtful cement or 
bond are vulnerable spots where slag and flux laden 
vapors cause premature breakdowns. Bricks should 
be laid with thin, even joints, using a cement of ap- 
proximately the same softening point and chemical 
characteristics as the brick. The air-setting cements 
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containing water glass should be avoided since the 
possibility exists that the furnace may be reducing 
Free silicon will then be liberated. The clean anc 
well repaired furnace shell is lined first with stand- 
ard insulating brick. The super-duty fireclay bricks 
are laid in the body and end walls of the furnace. 

Depending upon the care and experience of the 
melter, it may prove desirable to ram the end walls 
only with a sillimanite type ramming cement before 
the fire brick is installed in the body of the furnace. 
Again, the porthole sleeves and door assembly are 
rammed with cement. Slow and careful preheating 
practices are to be followed as in the drying and cur- 
ing of any newly installed furnace lining. In this 
respect the use of an alternate shell is very advan- 
tageous and time saving. 

At the time the shell is to be put into operation, 
the electrodes are again lined up and the sleeves 
rammed into position. It is very advisable that a 
water cooling coil, made up of 14-in. pipe, be im- 
bedded in th rammed sleeve. Such practices tend to 
reduce lining breakdown by lowering the electrode 
and sleeve temperatures at that point. Reference was 
made to the door assembly being rammed with a 
mullite type cement. 

This method exhibited better service characteristics 
over the conventional brick assemblies because of in- 
herent operational drawbacks of the latter. Primar- 
ily the furnace was run on what approaches a con- 
tinuous melting cycle; scrap, equivalent to the 
amount of metal tapped out, was charged to the con- 
stant bath in the furnace. Since the furnace was rear 
charged, the door lintel served as a convenient rest 
for the charging scoops. The excessive abrasion caused 
a premature breakdown of the door refractory. Six 
to 8 months of service could be realized with a pro- 
duction of 14,000 lb per day from this type of lining. 
The lining must be kept in constant repair. 

Such a standard brick lining could similarly be 
installed in the type LFA furnace. However, if the 
furnace is to be used for such severe service as the 





Fig. 6—Castable lining has been completed. Best results 
are obtained if new lining is dried 24-48 hr and preheated 
before charging the first heat. 
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. Pre-cut insulating shapes 

2. Rammed-in door assembly 

3. Preformed and prefired refractory 
shapes 

4. Refractory cement 

5. Electrode porthole sleeve 


Typical refractory and insulation in- 
stallation for indirect-arc electric 
furnace. 





melting of high-nickel alloys, monel, and pure nickel, 
it May prove economical to ram up a monolithic lin- 
ing composed of a mixture of high grade gannister, 
34-in. mesh and down, together with high quality 
fire clay. Just enough water is added to produce a 
good temper for ramming. Some of the nickel alloys 
are best melted under a heavy bottle glass slag which 
would readily attack a mullite type lining, and also 
the gannister. 

However, since the latter is relatively inexpensive 
and easily rammed into the empty furnace shell, using 
a steel form to make the inside diameter of the lin- 
ing, a lower refractory cost results even though the 
gannister lining is completely discarded after 150 to 
200 heats of such service. No great patching repair 
is advised. Also, this type of lining is used without 
any insulation. Lining life is prolonged by the use 
of 14-in. water cooling coils in the electrode porthole 
sleeves, and in the rammed-up door assemblies. 


Zircon as a Refractory Lining 


The quest for better lining and refractory perform- 
ances may lead to the application of a zircon lining. 
The zirconium oxide is highly refractory and resist- 
ant to thermal shock. The high density of the mater- 
ial lends itself readily to withstand the abrasive ac- 
tion of frequent charging of cold scrap. However, 
zircon is essentially acid in character, and is readily 
attacked by slags made of bottle glass. Under those 
conditions the zircon lining gave a very poor per- 
formance. For the melting of red brasses and bronzes, 
the use of silicon carbide in prolonged contact with 
the metal is to be avoided, since this will cause sili- 
con contamination. If the refractory is covered with 
a glaze, no trouble results. 

Reduced lining life or premature lining break- 
down may be caused by several factors; most preval- 
ent among these are melting malpractices, others can- 
not be traced directly to the melter. The first and 
most obvious section of lining failure is caused by the 













abrasion at the point of impingement of the cold met- 
al charge. This condition is aggravated by the use 
of charging buckets which literally dump the whole 
charge into the furnace. Hand charging, or allowing 
the gates and risers to fall upon a small pile of bor- 
ings greatly alleviates this trouble. 


Another defect which might be attributable to the 
charging process is the damage suffered by the door 
assembly. Once a condition has been provoked 
whereby the charging door no longer properly seals 
the furnace, leaking hot gasses will further the break- 
down of the door assembly with the subsequent burn- 
ing of the steel shell and door. Without the support 
of these steel reinforcements, any refractory repair 
around the door is soon destroyed. 


Mention has been made that SiC has proved unex- 
celled for door blocks and frequently for the shapes 
around the door openings as this material has out- 
standing resistance to destruction from heat, shock, 
and mechanical abuse when hot. But, to repair the 
inside of the furnace, the workman first chips away 
the door assembly for the convenience of more work 
room. The expensive material is thereby destroyed. 
Another type of failure over which the melter has 
only partial control is brought about by the melting 
characteristics of the furnace. 

The roof area of the lining is not cooled by the 
metal during the rocking of the furnace, but is ex- 
posed to the direct radiation of the arc. The re- 
fractory is overheated at this point causing the nat- 
ural melt-down or fluxing of the lining to occur, 
especially so if the metal bath is unnecessarily heated 
too high above the pouring temperature. Realizing 
this weak point, the furnace builder has advanced 
from the LFA type to develop the new conical shell 
design which removes the refractory from the vicin- 
ity of the arc. 


Reference has been made to the use of glass as a 
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cover flux, and the effect of outright fluxes in short- 
ening liring life. Some foundrymen, although very 
few, believe in the introduction of a stream of air 
into the melting chamber of the furnace. The extra 
oxygen tends to lower lining life in much the same 
manner as the use of oxidizing fluxes promotes slag 
formation at the expense of the lining. This prac- 
tice is not widespread. 

The most obvious cause of lining breakdown is the 
destruction brought about by the negligence of the 
operator. Electrodes broken, either by the impinge- 
ment of the cold charge or by the premature rock- 
ing through too large an angle of rock, not only 
wastes electrodes, but will also produce a short cir- 
cuit in the electrode sleeve if that happens to be the 
place of the rupture. In either case, the furnace is 
down while the damage is repaired. In the case of 
the burned-out sleeve, constant trouble may result by 
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liquid metal splashing into the cavity and setting up 
additional short circuits. The only positive repair 
consists of knocking out completely the old sleeve 
and rebuilding it. 

Misalignment of the electrodes will produce arcing 
in the electrode sleeve if the connecting screw be- 
tween the electrodes should break. Great damage to 
the furnace end walls will result if the melter, through 
negligence, allows the arc to burn too far away from 
the center of the furnace. Preferably, the arc should 
be so adjusted that the non-automatically fed elec- 
trode projects 2 in. beyond the furnace center at the 
beginning of the heat. The arc will then burn away 
from the end walls during the melting cycle. Once 
the side wall is gone, there is great danger of melting 
out the furnace shell itself, or liquid metal will have 
a tendency to flow into the electrode sleeve. 

Mention should be made at this point concerning 


TABLE 2A—INDIRECT-ARC FURNACE MELTING PRACTICES 





Normal Av. 





Daily Melt No., Rate Daily No. of Pour. Nature of Nature 
Response Capacity, & Capacity Operation, Heats & Temp. Castings of 
No. Ib/day of Furnace hr Tons/Day Alloy F Made Charge 
1 14,000 4 LFA 9 10 85-5-5-5 2280 Light Gates 
350 Ib ea. 1.75T Navy M 2300 Ingot 
No turnings 
2 116,000 4 CC 8 18 Red Brass 1950 Light 95% Scrap 
3000 lb 3CC fee, 16T Phos. 2300 Med. 3%, Ingot 
3 BB 24 hr Bronze Turnings 
1500 lb High Lead clean & dry 
2 LFA Bronze : 
300 Ib 
$ 25,000 2AA-S 8 5 High Pb 2225 Light Virgin Metal 
750 Ib 2.75T bearing 2300 Med. Scrap Cu 
1AA-C 3 alloy Turnings wet 
1000 Ib $sT & oily 
l Red , 
5T Brass 
4 5,000to 2 LFY 8 4 Ni Silver 2900 Light 65% Ingot 
8,000 750 Ib 1.25T Red Brass 8300 Med. 35%, Gates 
Bronze No turnings 
5 4,200 2 LFA 8 : Pure 3000 Med. Scrap 
250 Ib 1T Nickel Virgin Metal 
6 9,600 2 LFA 8 12 85-5-5-5 2200 Light Mostly Ingot 
350 Ib Ey Navy M 2300 Dry turnings 
7 30,000 5 LFY 8 12 Red Brass 2100 Light 40%, Ingot 
500 Ib ST Leaded Ni 2600 10%, Dry turn. 
Bronze 50% Clean 
Gates 
8 4,000 $-125KW 8 16 Red Brass 2200 Med. Ingot 
225 Ib 1.5T Gates & Dry 
Turnings 
y 2,000 1 LFY 7 7 Brass 2200 Light Ingot 
500 Ib 1T Bronze 2600 Med. Gates 
Monel 
10 22,000 1AA 8 6 Leaded 2150 Light Ingot 
1000 Ib sT Red Gates 
5 LFA 8 Brass Dry turnings 
350 lb 75T 
11 120,000 1 LFA 8 12 Nickel 2900 Light Gates 
350 Ib Exclusive 1.5T alloys 2100 Med. Ingot 
4 LFC of pre- 20 Red to Heavy Clean & 
350 Ib heat 25T brass 2400 Dry turnings 
3 LFY 15 
500 lb 5.5T 
4AA-C 12 
1000 Ib °T 
1-AA-S 
750 Ib 
12 Not given 1 LFC 8 Not Red 2200 Light 60% Gates 
1 LFY given brass Med. 40%, Ingot 


Heavy 




















M. G. DietTL 


the use of dirty borings in the metal charge. Not only 
will such practice fall below the accepted metallurgic- 
al standards, but also such usage will produce exces- 
sive slag build-up in the furnace. As the capacity of 
melting chamber is reduced, the liquid metal line is 
raised till it reaches the electrode portholes. Lining 
failure will occur in the sleeves. 

Proper preheating of a newly installed lining must 
take place in that the binder used in the construc- 
tion of the furnace lining or in the laying-up cement 
has been sufficiently stabilized or removed. Some- 
times, in the interest of more production, such pre- 
heating is cut short. Excessive melting of the lining 
results; perhaps to such a degree that a regular sheet 
of solid slag covers the entire metal bath. This same 
situation may result if the furnace is allowed to melt 
without rocking over an extended period of time. 

All refractory repair naturally is an attempt to pro- 
long lining life and to maintain production. Cases 
have been cited whereby an unlimited lining life has 
been approached through the use of adroit repair 
practices. The author claims that while perhaps the 
original lining in these cases has not been replaced; 
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melting is done on a patched refractory which is con- 
stantly renewed. 

The practice of lining repair may fall into several 
distinct classifications. Shallow patching, performed 
daily, of so-called trouble spots, or incipient failures; 
weekly repair consisting of a more thorough deep 
patching; and the alternate shell method whereby the 
furnace shell is removed from its base so that the lin- 
ing can be completely overhauled. The secret of any 
successful patching technique is the cleanliness of the 
area to be repaired. 

The weekly repair is best preceded by a slagging of 
the furnace whereby the open door is rotated down- 
ward so that the fluid slag runs from the furnace. 
The arc will accomplish this in about 75 KWH. As 
a rule, deep patching is performed with a large grog 
size cement; shallow patching is best done with a fine 
grog size material. After all slag and adhering metal 
has been removed, the edges of the repair must be 
undercut so that the new patch can be keyed into 
place after the old surface has been moistened slightly 
with cement slurry. 

As a rule repairs with feather edges will be short- 


TABLE 2B—INprIRECT-ARC ELECTRIC FURNACE OPERATING PRACTICE 











day. 


Slag Build-up Nature of Patching No. of Method of 
Response Precautions, Refractory Material Method of Heats Before Seasoning Use of 
No. Remedies Insulation Used Patch Replacement New Lining Fluxes 
1 None, drain Mullite type. High Hard 2300 Slow heat None 
after each 214” end walls 41,0, Ram up with arc 
heat 114” on barrel Material 
2 Slag build- Missouri Mullite Weekly 880 Wood fire None 
up in cor- Clay Fire Type around 10 hr 300 
ners of Brick Sillimanite door KWH 30 hr 
barrel Type 
3 Slag out First quality SiC Cold 1000 Wood fire 20 Ib borax 
at end of fire-clay brick patch 24 hr per heat 
day SiC door Key in Preheat 9 hr 
assembly. with arc 
4” Insulation. 
4 Very SiC Mullite Dry mix 1000 Air dry 72 hr None 
little 214” Insulation type rammed hard, 2 short 15 KW 
thin layers runs, 7 hr apart 
5 Melt out Mullite Mullite Hand 500 2 weeks Charcoal 
Bake out type brick type ram air dry 
414,” Insulation 
6 Very Sillimanite Sillimanite Weekly 1100 Charcoal None 
little type type fire, 24 hr 
1” Insulation 
7 Little Sillimanite Plastic Air ram 1400 Coke fire, None 
Scrape out type shapes sillimanite Dry slowly 24 hr 
after each 214” Insulation type Wash with Preheat slowly 
heat Cement slurry 6 hr 
8 No Sillimanite Plastic Ram in 1000 Torch dry Copper 
build-up type. sillimanite 4 hr oxide 
1” Insulation type Low arc 
9 No Fire brick SiC Ramming 800 One day Commercial 
build-up 4” Insulation flux 
10 Very Sillimanite Sillimanite Week ends 2500 Coke fire None 
little type lining. type ram 72 hr 
214” Insulation cement 
1] Fair Mullite or Mullite or Daily, 1000 Air dry. Nickel 
Drain fur- sillimanite type __ sillimanite Weekend, to Slow gas torch alloys 
nace when with standard type of wet alternate 5000 for 96 hr use 
needed recommended or dry ram shell Prescribed arc bottle 
insulation. cement glass 
Nickel alloys, 
use gannister 
12 Little Sillimanite type _Sillimanite Air 3000 Charcoal fire None 
Drain at with standard type ram ram to for 12 hr 
end of insulation cement 6000 Slow drying 
with arc 
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lived since the metal has a chance to lift the patch 
off the original lining. Here again, not enough can 
be said of the precautions of preheating the repaired 
lining. The patching cement must go through the 
same process of drying and vitrifying as the original 
lining. Otherwise the patch will fail. The alternate 
shell method of repair has the advantages of allow- 
ing a competent workman to perform a good repair 
job, plus allowing enough time to dry out and pre- 
heat the lining thoroughly. Such a repair consists of 
chipping out completely the slagged and burned por- 
tion of the refractory face. By means of a dry ram- 
ming cement and air rammer, the lining is built up 
to its original thickness. 

This type of repair will consume 1200 to 1500 Ib 
of cement, and will produce from 800 to 1000 trouble- 
free heats in the case of the AA conical shell furnace. 
Occasionally, a lining failure will take place during 
the melt cycle. In order to save the heat, or to pre- 
vent the steel shell from melting out; a “hot-patch” 
technique may constitute an emergency measure. 
Ramming cement is mixed with water in a suitable 
container till a slurry is formed. The furnace, with 


TABLE 2C—INpIRECT-ARC ELECTRIC FURNACE OPERAT- 
ING PRACTICE 








Wash or Point of Cost to 

Glaze New Lining Cost to Install Patch, 
Response Lining Breakdown New Lining $/ton 
1 None Roof Not given Not given 


Shoulders 40hrtochip Not given 


2 Brush Roof above 


with air- door out old lining. 
setting 40 hr to install 
cement new lining. 

3 100-120 Ib Roof above 0.52 0.39 
borax at door 
high heat 


& full rock. 
Wash heat 
of scrap 
4 Mullite Electrode 1.43 1.10 
type slurry sleeves 
brush on Roof above 


door 
5 None Roof 12 hr 2 hr 
Door labor weekly 
6 Patch ce- Over -— Total 
ment slurry door 6.50 
brush on 
7 None Around 0.67 0.50 
door 
8 Water Roof 1.00 0.50 
glass 
solution 
9 Copper Door 0.31 0.30 
wash heat Electrode 
ports 
10 Cement Around a“ LFA 0.41 
slurry wash door AA-C 0.19 
11 Alundum Roof above LFA, 1.75 LFA, 1.80 
cement in door 
sleeves Point of LFC, 0.97 LFC, 3.10 
impinge- 
ment of LFY, 0.86 LFY, 1.05 
charge 
Electrode AA-C, 0.34 AA-C, 0.93 
portholes 
AA-S, 0.25 AA-S, 0.88 
12 None End walls Labor 3 hr 
24 hr weekly 
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the docr removed, is rolled so that the trouble spot 
is clear of metal. The slurry is then dumped into the 
hole in the lining. The quick patch is allowed to set 
for 15 minutes before melting is resumed. This kind 
of repair is not long-lasting. 

The effect of the human element on the success of 
lining repair work cannot be overemphasized. Good 
refractory service can be realized if the lining repair 
is made the responsibility of a small group of ex- 
perts. The moment the furnace repair gang is aug- 
mented with disinterested labor, such as would result 
if just any workman is detailed to repair furnaces, the 
desire for overtime pay becomes the man’s objective. 
Good linings have been ruined by overrepair. 

In order to present a cross section of current operat- 
ing practices, the author sent questionaires to 24 users 
of indirect-arc furnaces. Twelve responses acknowl- 
edged and returned the canvassed information. The 
information gained is listed in Table 2. 

Unfortunately, no response reported separate costs 
for each type of furnace. All collected figures repre- 
sent averages of a total operation. 


Questionnaire on Refractory Life 
The questionnaire is reproduced to help clarify the 
foregoing tables: 


1) Indicate the size of your foundry by stating, in pounds of 
daily melt, the normal average melt capacity. 

2) State the number, rating, and capacity of the indirect-arc 
furnaces. 

3) Hours of daily operation of these furnaces. 

4) The number of heats, and the daily tonnage produced. 

5) State the alloys produced each day. 

6) Indicate a pouring temperature, or range, suitable for your 
operation. 

7) State the nature of castings made. Also indicate the ap- 
proximate weight as light, medium, or heavy. 

8) What is the nature of the charge? 

9) What difficulty do you experience with slag build-up? What 

precautions and remedies are established to overcome this 

problem? 

Indicate the nature of the refractory and insulation used 

in the furnaces. If possible state manufacturer’s trade name 

or item number. 

11) What kind of patching material do you use? 

12) How is the patching cement applied? Please indicate how 
often the furnace needs repair. 

13) What is the ultimate lining life before a new lining must 
be installed? 

14) Please indicate method of curing the new lining before it 
is placed in production. 

15) Are any fluxes used? 

16) Do you wash or glaze a new lining before charging the 
first heat of metal? 

17) At which point does the lining show the first breakdown? 

18) If possible state the cost per ton of metal (labor and ma- 

terial) of installing a new lining for each furnace. 

What is the cost per ton of repair patching (labor and 

material) per melting unit? 


10 


— 


19 


~ 


In analyzing the responses it becomes evident that 
none of the non-ferrous foundries achieves, or tries to 
achieve, an indefinite lining life. Indications are that 
with the improved fit of the linings and their ease of 
installation, the foundryman is able to apply the law 
of diminishing returns to his patching schedule and 
discard the lining after a predetermined number of 
heats have been melted. Consider the grouping of 
type AA-C furnaces shown in Table 3. 

It would seem from the above table that a medium 
service condition is most economical. If the daily 
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TABLE 3—INpDIRECT-ARC FURNACE Type AA-C 
LininG Costs 
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TABLE 4—INDIRECT-ARC FURNACE Type LFY 
Lininc Cost 











Re- No. No. Costof Costof Re- No ~- No. Cost of Cost of 
sponse heats/ Daily HeatsBefore Installing Patching, sponse Heats/ Daily Heats Before Installing Patching, 
No. day tonnage Replacement New Lining, $/ton No. day Tonnage Replacement New Lining, $/ton 

$/ton $/ton 
8 3 3.3 1000 0.52 0.39 4 4 1.25 1000 1.43 1.10 
Total 7 12 3.0 1400 0.67 0.50 
10 6 3.0 2500 — 0.19 9 7 1.0 800 0.31 0.30 
11 12 7.0 5000 0.34 0.93 11 18 5.5 3000 0.86 1.05 








tonnage is too low, response No, 3, the successive 
heating and reheating of the refractory proves ill ad- 
vised. This foundry discards a lining after only 1000 
heats which, when examined in the light of response 
No. 10, may not be the ultimate, or least expensive. 
On the other hand, response No. 11, tries to achieve 
indefinite lining life under severe operating condi- 
tions with a corresponding high patching cost. 

Similar conclusions are borne out when a break- 
down of type LYF furnace users is examined, Table 4. 

It would seem that the foundry industry has learned 
to overcome the secondary influences of furnace lin- 
ing breakdowns. Surely such items as lost furnace 
capacity, and interrupted production schedules are 
not reflected in the refractory cost, although such 
cost must necessarily be included in the final cost of 
the product. The firm that has learned the technique 
of keeping its furnace linings in good repair enjoys 
not only the lowest refractory cost, but also a better 
maintained production schedule. 

Of all the different types of linings used in the fur- 
naces, the preformed and prefired shapes of the mul- 
lite or sillimanite type predominate. A few users, 
especially those having extraordinary refractory prob- 
lems in the sense of furnace design or service condi- 
tions, believe that super-duty fireclay brick gives ex- 
cellent service. One user reports a SiC refractory in 
melting nickel silvers and red brasses. All but two 
concerns, however, prefer to use a mullite type of 
ramming cement for repair patch work. 

It is interesting to compare the greatly diversified 
refractory costs of several concerns with respect to the 
different metallurgical practices. Response No. 6 
(Table 2C), using mostly ingot and dry turnings with 
no flux in its melting practices, is operating with a 
high refractory cost when compared with response 
No. 10 melting ingots, gates, and dry turnings with 
no flux. The total cost comparison is $6.50/T as 
against $0.19/T. In this same analysis, the use of 
commercial fluxes does not influence the low refrac- 
tory costs of responses Nos. 7, 8, 9, and 10. 

Even though the smaller capacity furnaces, types 
LFA and LFC, can be maintained much easier than 
the large capacity melting units, types AA and CC, 
the number of heats per lining and total lining cost 


INDIRECT-ARG FURNACE TYPES 





Rated Capacity 








KW Cold Molten 
Type Rating Scrap, lb Metal, Ib 
GMS 30 60 100 
LF 100 200 325 
LFC 125 350 500 
LFN 150 500 750 
LFY 175 700 1250 





per ton of metal produced show up very favorably 
for the larger units (responses Nos. 6, 10, and 11 as 
compared to responses Nos, 3, 10, and 11). 

In reviewing the tremendous diversity of refractory 
cost per ton of metal, and examining the many fac- 
tors which make up these costs, a necessary conclu- 
sion must be drawn that the human element respon- 
sible for the lining upkeep is of utmost importance, 
The indirect labor that has the knack of patching a 
furnace efficiently and with assurance that the melt- 
ing unit will perform well is invaluable to a foundry 
operation. Even though the simple rules for patch- 
ing a refractory are well known and can be supplied 
by the manufacturer, the lining results, and cost per 
ton is a convenient factor for judging such results, 
are out of all proportions to the severity of the service. 
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CENTRIFUGAL CASTING 
OF ALUMINUM ALLOYS 


By 
J. W. Meier* and O. Z. Rylski** 


PART IV—Gating Design‘ 


The research investigation on centrifugal casting of 
light alloys was undertaken to study the possibilities 
of the commercial uses of this casting method in light 
alloy foundries. The investigation was started in 1947 
under the sponsorship of the Centrifugal Castings 
Committee++ of the American Foundrymen’s Society. 
An earlier project undertaken by this Committee was 
a cooperative attempt to compare sand castings pro- 
duced statically and centrifugally in various U. S. 
and Canadian commercial foundries. The alloys used 
were ASTM aluminum alloy SG70A (AI-7%Si-0.3% 
Mg) and ASTM magnesium alloy AZ92A (Mg-9%Al- 
2% Zn). The results obtained on 27 castings, pro- 
duced in the shape of a 13-in. diam spoked wheel, 
were considered so encouraging that it was decided to 
continue the investigation in a most systematic way. 
It was agreed to investigate primarily the centrifuging 
method, that is, the casting of irregular, unsymmetri- 
cal products in rotating sand molds, as more signifi- 
cant for commercial applications than the “true” cen- 
trifugal casting of cylindrically-shaped products. 

A detailed program for the preliminary stage of the 
project, including specific recommendations on sand 
mixture, gating, pouring techniques, casting tempera- 
tures, spinning speeds, etc., was established by the 
Steering Committee. A second stage of the project was 
proposed for magnesium alloys, to be carried out if 
the first stage were successful. The Canadian Depart- 
ment of Mines and Technical Surveys agreed to carry 
out the investigation as a part of its broader foundry 
research program. The American Foundrymen’s So- 
ciety provided metal (ASTM alloy C4A: Al+4.5% 
Cu) and sand for the investigation, all other ex- 
penses of the project being borne by the Canadian 
Department of Mines and Technical Surveys. 


* Head, Non-Ferrous Metals Section, and ** Research Metal- 
lurgist; Physical Metallurgy Division, Mines Branch, Depart- 
ment of Mines and Technical Surveys, Ottawa, Canada. 

+ For Parts I, II, and III see Transactions, vol. 57, pp. 602- 
631 (1949). 

+t Members of this Committee are: W. E. Sicha, Chairman, 
K. B. Bly, Walter Bonsack, M. E. Brooks, R. F. Cramer, Nathan 
Janco, Wm. E. McCullough, J. W. Meier, H. J. Rowe and 
Sam Tour. 
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Summary of Earlier Results 


The experimental work actually carried out may 
be divided into two phases: 

1. Investigation along the lines recommended by 
the Steering Committee. 

2. Design and development of a gating system 
suitable for the casting technique of centri- 
fuging. 

First Phase—The first phase of the investigation was 
reported in April, 1949, and published in AFS TRANs- 
actions, vol. 57, pp. 602-631 (1949). The experi- 
mental work performed in that phase consisted of 
adaptation and preparation of foundry equipment; 
investigation of 24 different molding sand mixtures; 
and a study of the effect of mold geometry and gating 
specified by the Steering Committee, on the quality 
of centrifuged castings. 

Considerable work was carried out to determine a 
suitable sand mixture to withstand the heavy internal 
pressure of the metal at high revolving speeds and to 
avoid penetration. Baked sand mixtures with oil 
binder failed in all cases, due to a pronounced ten- 
dency to burn. Finally, baked molds using a dry sand 
mixture without oil, and a suitable mold wash were 
developed and proved satisfactory throughout the in- 
vestigation. As recommended, straight runners were 
radially arranged and delivered the metal from the 
sprue towards mold cavities located on the periphery 
of the rotating mold. 

The recommended method of gating did not permit 
of a thorough study of the effect of all the factors con- 
nected with the centrifuging technique on the proper- 
ties of the castings. However, it did show that the 
effect of turbulence of the incoming metal dominated 
all other factors, resulting in generous unsoundness of 
the test panels. The pattern of shrinkage and porosity 
as shown by x-ray examination revealed the outline of 
the flow of metal and its turbulent entrance into the 
mold cavities. 

The pattern of disturbance shown did not change 
with variation of sprue or different geometricai ar- 
rangement of the runners in relation to mold cavities, 
provided that the runners remained straight and the 
test panels were horizontal. 
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Positioning the test panels vertically resulted in a 
considerable improvement of their structure. Al- 
though shrinkage, porosity and some oxide inclusions 
were still encountered, no characteristic pattern of 
unsoundness showing the turbulent influx of the 
metal was visible. 

The results of the first phase of the investigation 
may be summarized as follows: 

1. A dry sand mixture with consistent and fairly 
satisfactory characteristics was developed for use at 
rotating speeds up to 800 rpm. 

2. A mold wash was established which proved sat- 
isfactory from the point of view of permeability and 
resistance against metal penetration. 

3. The investigation underlined the necessity of 
fundamental research on the fluid flow and solidifica- 
tion mechanism in rapidly rotating molds. 

4. The results obtained showed that special gating 
design is essential for centrifuged castings. 

5. At the conclusion of this first phase of the inves- 
tigation it was realized that the relationship between 
the characteristics of the alloy and the peculiarities of 
the centrifuging technique is very complex. 

Consideration of Further Work—Theoretical consid- 
erations show that the following characteristics of light 
alloys adversely affect their adaptability to centrifug- 
ing casting: 

1. The low density of the metal. 

2. The chemical reactivity of the metal. 

3. The almost equal densities of the oxides and the 

metal. 

Production of sound centrifuged castings requires 
that a sufficiently high internal hydrostatic pressure 
be developed and maintained inside the liquid metal 
against the moving front of solidification. The neces- 
sary magnitude of that pressure for an alloy of lower 
density is maintained by a higher revolving speed or, 
at the same speed, by increased radius of rotation. 
High rotational speeds cause high linear velocities of 
the liquid stream, resulting in turbulent flow of the 
metal in the mold passages and on entering the mold 
cavities. Turbulent flow of metals of high chemical 
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Fig. 1—Geometry of the runner and gating system. 
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Fig. 2—Magnitude and direction of component forces 
along the runner. 


activity results in progressive oxidation, due to con- 
tinuous breaking of the protective oxide film and ex- 
posure of fresh particles of metal to air in the mold. 

The difficulty of separation by centrifugal force of 
metal and metal oxides of almost equal density in the 
very short time available results in the dispersion of 
oxide inclusions throughout the casting. It is logical, 
therefore, to assume that the only way to avoid oxide 
inclusions in centrifuged light alloy castings is to 
create mold filling conditions which will prevent any 
oxidation of metal. Undisturbed and steady metal 
flow into mold cavities, free from air aspiration, and 
adequate feeding during solidification are, therefore, 
the major factors affecting the quality of the casting. 

The proposal of a more systematic investigation of 
various factors affecting the quality of centrifuged 
castings on small-scale laboratory equipment was not 
accepted, at this time, by the Steering Committee, 
which requested a continuation of experimental work 
on a “trial and error’ basis on commercial size equip- 
ment. 

In carrying out this request of the Steering Commit- 
tee, the fundamental research on the fluid flow and 
the solidification mechanism in rapidly rotating molds 
had to be postponed, although some preliminary work 
on this phase of the project had already been started. 
Therefore, only the study of a proper gating design 
was undertaken. 

Gating and Feeding Design 

The development of gating was based on the as- 
sumption that, more than any other consideration, 
the character of metal flow through the mold passages 
and in entering the mold cavity influences the quality 
of casting. 

The character of this metal flow was considered as 
being dependent mainly on two factors: 

1. The velocity of the metal flow, 
2. The geometrical shape and relative arrange- 
ment of the mold passages. 

In centrifuging casting metal is poured into a cen- 
tral sprue, from whence it flows through runners, with 
gates delivering the metal into mold cavities located 
on the periphery of the mold. The centrifugal force, 
and therefore the velocity of metal flow, at any point 
in the mold is dependent on the revolving speed and 
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the radius of rotation at this point. Thus, for any es- 
tablished revolving speed and radius of rotation the 
velocity of metal flow is fixed and, for all practical 
purposes, greatly exceeds the limiting velocity for non- 
turbulent flow (approximately 7 fps for aluminum) .* 





Fig. 3—Cross-sectional dimensions of the long sprues. 


This applies, however, only in the case of radial 
runners, where the centrifugal force acts directly 
along the path of metal flow. By designing runners of 
non-radial form, the linear velocity of metal flow 
along the same channel can be controlled, dependent 
on the resolved component of the centrifugal force in 
the path of metal flow at that particular point in the 
channel. 

The centrifugal force F may be resolved into its 
components: tangential force T, which acts along 
the path of the metal flow and directly affects the 
velocity of flow, and normal force N, which acts as a 
frictional force reducing the velocity of metal flow. 
It is apparent from Fig. 1 that the tangential com- 
ponent T, which positively affects the velocity of the 
metal, is not only reduced in magnitude, in compari- 
son to the centrifugal force F, but, also, at some range 


* At 600 rpm and 8-in. radius, the theoretical velocity of flow 
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reached is 72.5 fps. 
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(see point D) can be made to change its sign and act 
against the direction of flow to provide some control 
of inertia effects. Figure 2 shows the magnitude of 
the centrifugal force and its components, along the 
entire length of the delivery channels. 

The magnitude of the forces acting along the pass- 
ages was the main factor in establishing their cross- 
sectional dimensions along the path of the metal flow. 
The design of passages was based on the requirement 
of smooth and undisturbed flow of metal, without 
air aspiration from outside. Two conditions were 
considered as most important from the point of view 
of those requirements: 

1. Streamlined design, 

2. Constant rate of discharge of metal at every point 
along the path of the metal flow. 

All parts of the sprue and runner system along the 
path of flowing metal were designed with close atten- 
tion to these two points. 

Sprue—The geometrical shape of the sprue was es- 
tablished on the’ basis of a mathematical equation 
deduced from the requirement of a constant rate of 
discharge of metal at any cross-section of the sprue, 
namely: 

D? > 
= = — —————, ....--eeeeee (1) 
2a *gy 12 « 634.96y 
in which 




































































D = rate of discharge in cu in./sec, 
2x = sprue diameter in inches, 
y = distance from the top of the 
sprue in inches, and 
g = S22 fpe*. 
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Fig. 4—Cross-sectional dimensions of the short sprue. 


TABLE 1—-VOLUMETRIC DISCHARGE AND FILLING TIME FOR THE SPRUES WITH SPRUE BASE DESIGNED FOR 600 RPM. 











Diametei Area Total Mean Potal Volume 

of of Runner Area Head of Metal Volumetric of Mold Filling 

Sprue Length, Outlet, Outlet, at Sprue Base (Aluminum),* Discharge, Cavities, Time,** 
No. in. in. sq in. at | in. Radius Ratio in. cu in./sec cu in. sec 
(1) (2) (3) (4) (5) (4) : (5) (7) (8) (9) (10) 
3 9 1.69 2.25 1.14 1.97 ll 207 50 0.48 
2 9 1.55 1.88 1.14 1.65 11 173 50 0.48 
l 9 1.39 1.5 1.14 1.32 1] 138 50 0.48 
3A 4.5 1.69 2.25 1.14 1.97 6.5 160 50 0.62 
2A 4.5 1.55 1.88 1.14 1.65 6.5 133 50 0.62 
1A 4.5 1.39 1.5 1.14 1.32 6.5 106 50 0.62 





* Allowing for metal in pouring basin. 


(9) 
** Calculated: (10) = —— x (6) = 


Total volume of mold cavities 


Area of outlet 





(8) Volumetric discharge 


Total runner area at sprue base 











as 
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Six sprues with cross-sectional dimensions calculated 
from equation (1) were established for different rates 
of discharge. Figures 3 and 4 show the dimensions 
and the shape of the sprues, and their main charac- 
teristics are listed in Table 1. 

The sprues were cast in aluminum-nickel bronze 
and polished inside. They are interchangeable, being 
mounted and cemented on the bottom of a pouring 
basin. 

Pouring Basin—Two pouring basins were designed 
for two different lengths of sprues. Figure 5 shows 
the details of the pouring basins. 

The pouring basin was designed with a large cross- 
sectional area close to the bottom, to give a relatively 
small difference in the head of the metal at the begin- 
ning and at the end of pouring and thus reduce to a 
minimum the difference in the output of the metal. 

Figure 5 shows that only the upper part of the 
sprue was cemented inside the pouring basin (67% in. 
of the total length of 9-in. for the long sprue, and 234 
in. for the short sprue). The lower part of the sprue 
was molded in the cope. This was necessary to allow 
the mold to rotate while the pouring basin remained 
stationary, and for other reasons described later. 


Stopper—The stopper which prevented metal in 
the pouring basin from entering the mold until re- 
quired, was manufactured from graphite. The shape 
of the lower part was machined for perfect fit with 
the upper part of the sprue. The upper part of the 
stopper was streamlined in order to prevent excessive 
turbulence of the metal by upward movement of the 
stopper. Figure 6 shows the shape of the stopper. 


Sprue Base—A properly designed sprue base should 
provide means for a smooth transition from vertical 
to horizontal flow and, in addition, should maintain 
a constant rate of discharge even though the metal in 
the sprue base is being accelerated rapidly by centri- 
fugal force. 

The speed of the metal in the vertical direction de- 
veloped by gravity at the end of the long sprue is 
approximately 7.7 fps. The velocity of metal flow in 
the horizontal direction developed by the centrifugal 
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Fig. 5—Pouring basin details. 
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force at a radius of rotation of | in, at 600 rpm is 
approximately 26 fps. 
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Fig. 6—Graphite stopper. 


The second requirement is expressed by the equa- 
tion: 


V,F; 
V, <X F; = Veo X Fo; Fe = ——— ........ ... ss (2) 
V2 
where: 
V, — speed of the metal at the end of the 
sprue (vertical flow), 
V. — speed of the metal at the sprue base 
(R = | in.) (horizontal flow), 
F, discharge area at the end of the sprue, 
and 
F, — discharge area at the sprue base. 


Sprue base designs to meet these requirements of 
smooth transition and equal rates of discharge are 
shown in Figs. 7 and 8. 

The Runners—The geometrical shape of the run- 
ners as shown in Fig. 1 was designed to reduce and 
control the velocity of the metal stream in the run- 
ners, and particularly in the region of the gates. 

Tables 2 and 3 show the design data obtained from 
theoretical calculation of the cross-sectional dimen- 
sions at different points along the runner (equation 
2), and the dimensions actually used in these experi- 
ments. The calculations are based on the chosen ini- 
tial revolving speeds during the filling of the mold, 
600 and 100 rpm. 

After the mold was filled (0.5 sec, approximately) 
the initial revolving speed was accelerated as rapidly 
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as the machine would allow, to speeds in the region 
of 600-900 rpm to obtain the necessary hydrostatic 
pressure during solidification of the metal. 

Figure 9 shows the resolved forces at various points 
along the path of metal flow at 600 rpm. Figures 10 
and 11 show the plan view of the runners, based on 
the above calculations listed in Tables 2 and 3. 

The Cylindrical Gate Wells—In order to check the 
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Fig. 7—Sprue base design details for 600 rpm initial 
speed. 


TABLE 2 
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speed of the metal immediately before it enters the 
mold cavities, a deep cylindrical well was provided at 
the end of each runner at the point where the tangen- 
tial component reaches, for the second time, zero 
value (point E in Fig. 1). These wells were provided 
also as cavities for a loosely packed steel wool strainer 
to remove dross, etc. Figures 12 and 14 show the 
shape and the dimensions of the well. Subsequent ex- 
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Fig. 8—Sprue base design details for 100 rpm initial 
speed. 


Cross-SECTIONAL DIMENSIONS OF THE RUNNER 


FOR 600 RPM AND SPRUE DISCHARGE OF 207 CU IN./SEC. 











Head of Metal Head of Metal 


Theoretical Cross-Sectional 











(Aluminum) (Aluminum) Speed of Total Dimensions 

Radius Centri- Equivalent to Equivalent to Metal Stream Area for one Runner, 

of fugal Centrifugal Tangential due to Tangential of in. 

Rotation, Force, Force, Force, Force, Discharge, 

in. ft-lb* Sa ft fps sq in. Calculated Applied 
Sprue Diameter Diameter 
Outlet 0.915 7.68 2.25 1.69 1.69 

1.0 328m 10.2 10.2 25.6 0.675 3% x 0.45 0.38 x 0.75 
1.5 492m 15.2 15.2 31.4 0.55 3% x 0.367 3% x 0.367 
2.0 656m 20.2 20.2 36.0 0.48 $%%4 x 0.318 3% x 0.318 
3.0 985m 30.6 29.5 43.5 0.397 3% x 0.262 3% x 0.262 
3.95 1300m 40.4 37.0 48.8 0.354 3% x 0.233 3% x 0.233 
4.85 1595m 49.5 43.0 52.6 0.328 34x 0.219 3% x 0.219 
5.69 1870m 57.0 45.0 53.9 0.32 3% x 0.213 3% x 0.213 
6.43 2118m 65.8 44.0 53.5 0.322 3% x 0.215 % x 0.213 
7.08 2330m 72.4 41.2 52.0 0.332 3% x 0.221 3% x 0.213 
7.60 2500m 77.5 35.5 47.8 0.361 342x025 % x 0.213 
8.0 2630m 81.6 27.5 42.0 0.41 3% x 0.273 3% x 0.219 
8.30 2730m 84.7 17.5 33.5 0.516 3% x 0.344 3% x 0.245 
8.45 2780m 86.5 5.5 20.4 0.846 3% x 0.564 3% x 0.272 
8.47 2782m 86.5 —5.5 3% x 0.385 
8.35 2740m 85.0 —16.5 3% x 0.524 
8.15 2680m 83.2 —15.0 3% x 0.58 
8.02 2632m 81.6 —4.5 3% x 0.645 
8.0 2630m 81.6 0 3% x 0.645 





* Centrifugal Force F = mRw? (for 600 rpm F — 400 r *mR) (R in feet) 


** Head of metal in feet equivalent to Centrifugal Force 
mRw? 


H = ——— (for 600 rpm H = 12.4”*R) 


mg 
where m is mass of metal, w is angular velocity, and R is radius of rotation. 
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periments showed that these cylindrical gate wells the gates, for the ‘chosen revolving speed of 600 rpm. 
(and also the gates) were not effective, and their Figure 12 shows the design details of the gates. 
elimination caused improvement in the castings. This Mold Cavities (Test Panels)—It was decided to use 
was thought to be due to the change in direction of panels 4 in. & 314 in. & % in., the rectangular shape 
; metal flow which, although designed to check the having been decided upon by the Steering Committee. 
' speed of the metal stream, also introduced turbulent Risers—The design of the riser is shown in Fig. 13. 
effects. The riser is located so that the centrifugal force fav- 
The Gates—Cross-sectional dimensions of the gates orably influences the feeding. On the other hand, 
were calculated from the requirement of a constant since the risers are located closer to the center of rota- 
discharge rate at all points in the system. The tan- tion than the mold cavities, the incoming metal could 
gential component of the centrifugal force has been enter the riser only under the pressure of metal still 
considered as the driving force, pushing the metal in the runner acting against the centrifugal force in 
towards the mold cavity. Table 4 shows calculated the mold cavity. The first castings made with risers, 
and practically applied cross-sectional dimensions for as shown in Fig. 13, showed that the pressure of the 
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Fig. 9—Runner design for 600 rpm. Fig. 10—No. 1 runner for 600 rpm. 


TaBLe 3—CRrOss-SECTIONAL DIMENSIONS OF THE RUNNER FOR 100 RPM AND SPRUE DISCHARGE OF 160 CU. IN./SEC. 














Head of Metal Head of Metal Theoretical Cross-Sectional 
(Aluminum) (Aluminum) Speed of Total Dimensions 

Radius Centri- Equivalent to Equivalent to Metal Stream Area for one Runner, 
of fugal Centrifugal Tangential due to Tangential of in. 

Rotation, Force, Force, Force, Force, Discharge, ——— —_—_—. ---—— 
in. ft-lb* ft ft fps sq in. Calculated Applied 
Sprue Diameter Diameter 
Outlet _ 0.54 = 5.9 2.25 1.69 1.69 
1.0 9.15m 0.824 0.824 7.26 1.84 3% x 1.22 % x 1.25 
1.5 13.7m 0.965 0.965 7.89 1.67 3% x 1.06 % x 1.06 
2.0 18.3m 1.11 1.11 8.39 1.6 3% x 1.04 3% x 1.04 
3.0 27.4m 1.39 1.34 9.3 1.43 3% x 0.95 3% x 0.95 
3.95 36.1m 1.66 1.52 9.9 1.35 % x 0.89 3% x 0.86 
4.85 44.4m 1.92 1.62 10.4 1.28 % x 0.86 
5.69 52.0m 2.16 Be 10.5 1.27 % x 0.845 % x 0.85 
6.43 58.7m 2.36 1.6 10.3 1.29 % x 0.86 3% x 0.85 
7.08 64.6m 2.54 1.4 9.5 1.4 % x 0.93 3% x 0.85 
7.60 69.5m 2.60 1.2 8.8 1.52 % x 1.01 % x 0.85 
8.0 73.1m 2.81 0.95 7.84 1.7 % x 1.13 % x 0.85 
8.30 75.8m 2.89 0.6 6.2 2.15 % x 1.43 % x 0.85 
8.45 77.2m 2.93 0.22 3.77 3.54 3% x 2.36 3% x 0.85 
8.47 77.5m 2.94 —0.19 3% x 0.85 
8.35 76.4m 2.92 —0.57 3% x 0.85 
8.15 74.5m 2.86 —0.52 % x 0.85 
8.02 73.2m 2.82 —0.16 % x 0.85 
8.0 73.1m 2.81 0 % x 0.85 


* Total of Centrifugal Force and Static Force, since the latter is significant at low rotational speeds. 
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TasLe 4—Cross-SECTIONAL DIMENSIONS OF THE RUNNER 
FOR 600 RPM AND SPRUE DiIscHARGE OF 207 cu IN./SEC. 
Head of Metal Head of Metal Theoretical Cross-Sectional 
(Aluminum) (Aluminum) Speed of Total Dimensions 
Radius Centri- Equivalent to Equivalent to Metal Stream Area for one Runner, 
of fugal Centrifugal Tangential due to Tangential of in. 
Rotation, Force, Force, Force, Force, Discharge, 
in. ft-lb ft ft fps sq in. Calculated Applied* 
8.0 2630m 81.6 0 — 2.25 125 x 045 125x004 x 03 
8.0 2630m 81.6 0 — 2.25 1.25 x 0.45 1.10 x 0.35 x 0.15 
8.01 2632m 81.6 5.5 18.8 0.916 0.95 x 0.24 0.95 x 0.34 x 0.14 
8.15 2680m 83.2 15.5 31.6 0.546 0.62 x 0.22 0.62 x 0.32 x 0.12 
8.40 2760m 85.9 26.0 40.8 0.422 03 x02 003 x 03 x 0.12 
8.75 2876m 89.3 35.5 47.7 0.361 
* Height x Width at top x Width at bottom. 
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Fig. 11—Cross-sectional dimensions of No. 2 runner for 
100 rpm. 


Desian OF Gates 








Fig. 12—Design of cylindrical gate well and gate. 


metal in the runner was not sufficient to fill the riser. 
The risers, consequently, were filled only partially, 
and feeding was inadequate with resulting large 
shrinkages and cavities in the test panels in the region 
adjacent to the riser. This was remedied by the pro- 
vision of a secondary riser which caught metal from 
the trapping well, subsequently described, and sup- 




















Fig. 13—-Riser Design. 


plied it to the riser in the test panel. 

Secondary Riser—Figure 14 shows a view of the sec- 
ondary riser, and other parts of the runner and gating 
system. The relative arrangement of each is clearly 
shown in Fig. 16. This secondary riser, although pri- 
marily intended to supply metal to the riser on the 
test panel, must be considered as an integral part of 
the riser because of its large size and its relatively large 
cooling factor. It should be appreciated that this sec- 
ondary riser is filled only after the mold cavity is 
filled, in order that the metal may be introduced into 
this member under the full centrifugal force without 
introducing turbulence in the test panel. 

The dimensions of the secondary riser are as follows: 
larger end 134 in. & 13% in., with fillets; 
smaller end 14, in. x 1% in., with fillets; 
length changeable, depending on the 

radius of the trapping well. 

Trapping Well—lIt was found through experimenta- 
tion that with the bottom pouring technique, as em- 
ployed in the investigation, a vortex is always formed 
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Fig. 14—-Runner, cylindrical gate well, gate, panel, riser, 
and secondary riser. 


as soon as the level of the metal in the pouring bowl 
drops to approximately 1.5 in. above the top of the 
sprue. The presence of a vortex leads to a turbulent 
flow inside the sprue and results in oxidation of the 
metal, gas entrapment, etc. It was therefore important 
to design a device for trapping this last amount of oxi- 
dized metal and thus prevent its entrance into the 
mold cavities. 

This was accomplished by melting a larger amount 
of metal than required to fill the actual volume of the 
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Fig. 15—General view of the machine and mold assembly. 


mold cavities, and trapping the excess in a special well 
molded on the top of the cope. This necessitated di- 
viding the sprue into two parts: the sprue proper, 
which remains stationary; and the sprue extension, 
which rotates with the mold. The total height from 
sprue base to sprue entrance was not changed, how- 
ever, and the theoretical calculations were not affected. 

The metal thus trapped in the well provides a 
source for feeding the risers with hot metal, through 
the secondary risers situated on the periphery of the 
trapping well. Figure 15 shows a view of the trapping 
well with the sprue extension on the top and the end 
of one secondary riser visible on the side of the well. 
A sectional view of the assembly is shown in Fig. 16. 
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ig. 16—Sectional view of the machine and mold assembly. 
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Fig. 17—Match plate with runners for 600 rpm (cope). 


Venting—Direct venting of each mold cavity was 
secured by eight small holes drilled through the top 
cover, as can be seen in the blank areas between the 
large holes on the cover in Fig. 15. Wire of ¥%4»-in. 
diam was pushed through these holes to pierce the 
sand, thus venting the cavities. General venting was 
secured by drilling large holes on the sides of the flask 
and on the top cover. Sufficient venting proved to be 
essential from the point of view of reducing porosity 
and gas inclusions. Photographs of the match plates 
used to make up the molds are shown in Figs. 17, 18, 
and 19. 

Equipment—The following equipment was de- 
signed and manufactured: 

1) self-centering, aluminum alloy, molding flasks 

(Fig. 15); 

2) top cover with guard ring (Fig. 15); 

3) set of two pouring basins, accommodating longer 

and shorter sprues (Fig. 16) ; 

4) set of six interchangeable Al-Ni bronze sprues 

(Figs. 3 and_4); 

5) magnesium alloy match plate with two sets of 

runners with wells, gates, sprue bases, test panels, 

etc. for 600 and 100 rpm (Figs. 17-18-19); 

6) graphite stopper (Fig. 6); 
7) molding facilities; 
8) centrifugally operated, self-locking and holding 

device for flasks (Figs. 15 and 16). 


Foundry Practice 


The general foundry equipment, sand mixtures and 
washes used in this investigation were described in 
the 1949 report. Rigid control of sand moisture, per- 
meability, and drying conditions was maintained 
throughout the investigation. Metal was poured into 
warm molds. Melting of the aluminum was carried 
out in Tercod crucibles in either gas or electrical re- 
sistance furnaces. Care was taken not to exceed a tem- 
perature of 720 C (1318 F) in melting. Domal fluid 
flux (50% MgCl, — 20% KCl — 15% CaO.MgO — 
15% CaF.) was used in melting, and melts were chlor- 
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inated before pouring. Pouring temperatures were 
kept as close as possible to the required range. The 
temperature of the metal was measured inside the 
pouring basin with a chromel-alumel thermocouple. 

Spinning of the mold was maintained for 3 min 
after filling. Shaking out the molds was done not 
sooner than 15 min after pouring. Spinning speed was 
maintained close to the range of 600-700 rpm for pour- 
ing with rapidly rotating molds and in a range of 
50-100 rpm for pouring with slowly rotating molds. 
Immediately after pouring (0.5 sec approximately), 
the machine was accelerated to a speed of 600-900 rpm, 
which took 45 to 60 sec. This ensured the necessary 
hydrostatic pressure during the solidification of all 
castings. 

Examination of Castings 

All castings were examined visually for surface ap- 
pearance and signs of turbulent metal flow inside the 
mold cavity. X-ray examination was carried out on all 
castings. Test panels were later machined, as shown 
in Fig. 20, and etched for macrographic examination. 

Mechanical tests were limited only to some of the 
better castings as experience showed that surface ex- 
amination-and macro-etching gave a good indication 
of the quality of the casting. 

Figure 20 shows the way in which test panels were 
cut and sampled for tensile test bars and macro- 
etching. 


Factors Affecting Soundness of Castings 


Sixty-five castings were made in the course of the 
investigation. Since experience in centrifuging cast- 
ing was limited and there is little published informa- 
ton, the work was based on the “trial and error” 
method, and each casting was made after some study 
of the preceding one. Thus, in almost every casting 
some changes were introduced to one or other of the 
factors, which was considered to be affecting the qual- 





Fig. 18—Match plates with gates and cylindrical wells 
(drag.) 
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ity of the casting. The main purpose of the work was 
to obtain a sound, dense structure of the test panel 
casting and to investigate the possibilities and pecu- 
liarities of centrifuging casting of aluminum alloys 
into sand molds. 

The investigation proved that the initial assump- 
tion that the quality of the casting was dependent on 
the character of the metal flow was justified. It was 
found that the velocity of the metal flow and the 
geometrical shape and relative arrangement of the 
flow passages affected the internal soundness of the 
castings to such a degree that the effect of other fac- 
tors was insignificant. 

Casting into the mold revolving at 600-700 rpm 
(the minimum speed calculated to provide sufficient 
internal pressure) led to general unsoundness of the 
test panels. Although all attempts undertaken at 600 
rpm failed to produce a completely sound casting, it 
was apparent, nevertheless, from the results obtained, 
that: 

1. The soundness of the test panels improves with 
decreasing initial revolving speed, i.e. the speed at 
the moment of pouring. 

2. The soundness of the test panels improves with 
simplified gating. The panels cast with gating con- 
sisting only of the runners delivering the metal 
straight into mold cavities, with cylindrical gate wells 
and gates omitted, were sounder than those cast with 
application of the whole gating system. 

3. Casting temperature within the range of 30-60 C 
above the liquidus (54-128 F) shows no noticeable in- 
fluence on the soundness of the panels cast at 600-700 
rpm. 

4. Application of secondary risers leads to an in- 
crease in general unsoundness, i.e. distributed oxide 
and gas inclusions and microporosity. On the other 
hand, it considerably improves feeding and reduces 
concentrated shrinkage porosity. 

5. Insufficient venting of the mold cavities tends to 
increase the general unsoundness. 





Fig. 19—Match plate with runners for 100 rpm (cope). 
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Fig. 20—Sectioning of test panels for examination. 


6. Chilling favorably affects the soundness of the 
adjacent areas, in that it tends to reduce microporosity. 

7. The direction of rotation at initial speeds of 600 
rpm does not influence the magnitude of general un- 
soundness, and leads only to some changes in the gen- 
eral shape of its pattern. This would appear to be 
rather surprising, in view of the lower relative velocity 
of metal flow in molds rotated in such a way that the 
mold is moving in the same direction as the metal 
stream. However, it seems that in both cases the rela- 
tive velocity of flow is greater than that required for 
nonturbulent flow. 

Casting into slowly rotating molds (50-100 rpm) 
with the spinning speed accelerated in approximately 
45 sec (shortest possible time with available machine) 
to the required range of 600-700 rpm led to an im- 
provement in general soundness even though the run- 
ner system was designed for an initial casting speed 
of 600 rpm. The investigation was therefore con- 
tinued with the runner system designed for 100 rpm. 
The following factors were under consideration from 
the point of view of their influence on the general 
soundness of the casting poured at an initial speed of 
100 rpm, and lower: 

1. Runner and gating design, and initial speed. 
2. Casting temperature. 

3. Discharge rate. 

4. Range of solidification. 

Runner and Gating Design, and Initial Speed—Run- 
ner and gating designed for 100 rpm proved to be 
satisfactory from the point of view of improving the 
general soundness of the test panels. Test panels cast 
at initial spinning speeds close to 100 rpm were 
sounder than those cast at 600 rpm. Dropping the 








Fig. 21—Match plate with cast-to-shape test bars (cope). 


initial spinning speed below 50 rpm appreciably im- 
proved the quality of test panels. An increase of the 
speed beyond 100 rpm led to a marked deterioration 
of the soundness. Even under the best conditions, run- 
ner and gating designed for 100 rpm failed to produce 
completely sound casting. 

The simplified design, with only runners acting 
(cylindrical gate wells eliminated), further improved 
the quality of the castings. This failed to produce a 
sound structure in ASTM alloy C4A, but one sound 
panel was produced with an alloy of a shorter solidifi- 
cation range (ASTM alloy S5A). 

Casting Temperature—Nearly all C4A alloy panels 
cast at lower temperature (30-40 C, 54-72 F above 
liquidus) at initial speeds around 100 rpm showed 
some superiority in general soundness over those cast 
at higher temperatures (60 C, 128 F above liquidus). 

Discharge Rate—Although six sprues were tried, 
each one at an initial speed of 100 and 200 rpm, at 
casting temperatures of 680 and 710 C (1256 and 1310 
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F) the volumetric discharge rate and filling time ap- 
peared to have no influence on the quality of castings. 
Range of Solidification—In order to find the influ- 
ence of the range of solidification on the general adap- 
tability of an alloy to centrifuging casting, several 
alloys of different solidification ranges were tried 
under the same conditions. The following alloys were 
cast: C4A, S5A, SC51A, SG70A, and commercially 
pure aluminum. The casting temperature for all 
alloys was maintained close to 40 C (72 F) above the 
liquidus. A series of such castings was made under 
these conditions, and the radiographic examination 
showed some progressive increase in soundness as the 
solidification range of the alloy decreases. 

A similar series was cast in which Dow test bars 
of standard design were also cast statically at the same 
time the panels were cast centrifugally. Table 6 sum- 
marizes the results of x-ray examination and gives the 
casting conditions. It should be noted that the radio- 
graph in Fig. 22 shows the one completely sound test 
panel produced in the whole investigation. Table 7 
lists some physical properties of the alloys. Table 8 
gives mechanical properties of cast-to-shape Dow test 
bars and of test bars cut from the centrifuged panels. 

The investigation, carried out on a very small scale, 
did not provide sufficient data to reach some definite 
conclusion as to the influence of the range of solidifi- 
cation on the adaptability of an alloy to centrifuging 
casting. However, from Table 6 it is apparent that 
alloy C4A, which has the largest solidification range 
(i.e. a long “pasty” stage) , proved to be the most diffi- 
cult to cast with a sound internal structure. Casting 
No. 135 (alloy C4A) shows medium unsoundness dis- 
persed throughout the whole body, with a concentra- 
tion under the riser. Casting No, 134 (alloy S5A) 
shows no porosity at all; all other castings show fine 
porosity with a concentration only under the riser. 

This concentration of unsoundness under the riser, 
together with increased shrinkage in the riser for 
alloys with a shorter range of solidification (maximum 
shrinkage in the riser was noticed for a eutectic alloy) ,* 


* Alloy S12A (12%Si) used in some experiments. 


‘TABLE 5—-MECHANICAL PROPERTIES OF TEsT CASTINGS (ALLOY C4A). 





Cast No. 105; 


Test Bar No.* 105-1 105-2 
Ultimate Tensile Strength, kpsi 28.3 32.8 
Elongation, % in 1 in. 2.0 2.0 
Cast No. 106: 
Test Bar No.* 106-1 106-2 
Ultimate Tensile Strength, kpsi 29.4 30.8 
Elongation, % in 1 in. 6.0 5.0 
Cast No. 107: 
Test Bar No.* 107-1 107-2 
Ultimate Tensile Strength, kpsi 27.0 23.0 
Elongation, % in | in. 6.0 Nil 
Cast No. 108: 
Test Bar No.* 108-1 108-2 
Ultimate Tensile Strength, kpsi 26.9 21.2 
Elongation, % in 1 in. 3.0 1.0 
Cast No. 101: 
Test Bar No.* 101-1 101-2 
Ultimate Tensile Strength, kpsi 27.6 20.0 
Elongation, % in 1 in. 2.0 2.0 
Cast No. 102: 
Test Bar No.* 102-1 102-2 
Ultimate Tensile Strength, kpsi 19.2 18.2 
Nil Nil 


Elongation, % in 1 in. 
* See Fig. 20. 


105-3 105-4 105-Ic 105-2c 105-3c 105-4c 
26.3 38.5 28.3 31.2 34.5 37.5 
2.0 4.0 2.0 4.0 4.0 6.0 
106-3 106-4 106-Ic 106-2c 106-3c 106-4c 
24.1 27.3 30.5 25.3 28.0 $2.3 
3.0 5.0 7.0 5.0 7.0 8.0 
107-3 107-4 107-Ic 107-2c 107-3c 107-4c 
19.0 30.0 21.0 18.3 20.7 30.4 
1.0 5.0 2.0 Nil Nil 12.0 
108-3 108-4 108-1 108-2c 108-3c 108-4c 
18.9 27.0 21.6 23.6 15.5 31.9 
3.0 4.0 2.0 Nil Nil 9.0 
101-3 101-4 10)-Ic 101-2c 101-3c 101-4c 
27.7 35.5 26.6 $2.7 26.6 42.2 
3 3.0 Nil 2.0 4.0 7.0 
102-3 102-4 102-1c 102-2c 102-3c 104-4c 
17.3 8.5 20.1 9 27.7 23.4 
Nil Nil Nil Nil Nil Nil 
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Fig. 22—Exograph of Casting No. 134; Alloy S5A; Sprue 

No. 3A*; Runners No. 4**; Casting temperature, 670 C 

(1240 F); Initial speed 50 rpm, increased to 795 rpm in 
60 sec. 


* Sprue designations as shown in Figs. 3 and 4. 
** Runner designations: No. 1—Runners with cylindrical gate 
wells and gates, 600 rpm. No. 2—Runners without cylindrical 
gate wells and gates, 600 rpm. No. 3—Runners with cylindrical 
gate wells and gates, 100 rpm. No. 4—Runners without cylin- 
drical gate wells and gates, 100 rpm. No. 5—Runners blocked. 
Poured through the trapping well and secondary risers (Fig. 16). 
No. 5A—As No. 5, with shorter secondary risers. 


shows that general feeding from the riser is most effi- 
cient when the solidification range is short. Thus, the 
results of x-ray examination showed that under favor- 
able conditions of proper gating and feeding, com- 
bined with favorable geometrical shape of the casting 
and a short solidification range, the centrifuging cast- 
ing method could be superior to static casting from 
the point of view of increased soundness, obtained 
through the action of the increased hydrostatic pres- 
sure due to centrifugal force. 

With reference to Table 8, it should be appreciated 
that the Dow test bars were tested as-cast while the 
centrifuged bars were machined from the test panels 
to 4 in. diameter. Thus, the results of the centrifuged 
castings may be considered to be biased on the low 
side, since these bars were without the benefit of the 
cast skin and were much smaller in diameter. 

In continuation of this work, test bar patterns were 
mounted on a match plate for centrifugal molds, as 
shown in Fig. 21, so that identical castings could be 





poured both statically and centrifugally, eliminating 
factors of cavity shape, etc. 

Table 9 shows the mechanical properties of these 
aluminum alloys as obtained from test bars cast-to- 
shape centrifugally and statically from the same pot 
and at the same temperature of casting. 

The x-ray examination showed that, generally 
speaking, all centrifugally-cast test bars contained less 
unsoundness than the equivalent static castings. This 
would be expected to reflect in superior mechanical 
properties, but, as can be seen from Table 9, this was 
not always the case. The explanation for this dis- 
crepancy is thought to be as follows: 


TABLE 6—CASTING CONDITIONS AND SUMMARY OF X-RAY RESULTS FROM STATIC AND CENTRIFUGALLY Cast TEsT Bars. 





Casting Conditions 


Test Panels Cast Centrifugally Dow Test Bars Cast Statically 








Casting Solidi- 
ASTM ‘Tempera- fication Spinning 
Casting Alloy ture, Range, Sprue Runner _ Speed, 

No. C F C F No.* Na.** rpm X-ray Investigation X-ray Investigation 

135 C4A 680 125595 170 3A 4 50 Medium porosity throughout. No porosity, all bars sound. 
795 Heavier under riser. 

134 S5A 670 124055 170 3A 4 50 Metal sound, no porosity. No porosity. 
760 

142 SC5IA 665 1230 45 80 3A 4 50 Fine porosity under riser. Heavy porosity in all bars. 
750 

143 SG70A 650 1200 30 55 3A 4 50 Shrinkage, decreasing Heavy porosity throughout 
750 porosity. bars. 


* Sprue Nomenclature—see Figs. 3 and 4. 


** Runner Nomenclature: No. 1 
No. 2 
No. 3 
No. 4 


—kRunners with cylindrical gate wells and gates, 600 rpm. 
—Runners without cylindrical gate wells and gates, 600 rpm. 
—Runners with cylindrical gate wells and gates, 100 rpm. 
—Runners without cylindrical gate wells and gates, 100 rpm. 


No. 5 —Runners blocked. Poured through trapping well and secondary risers (Fig. 16). 
No. 5A—As No. 5, with shorter secondary risers. 





TABLE 7—PHYSICAL PROPERTIES OF VARIOUS ALUMINUM ALLOYS. 








Approximate Superheat 
Liquidus- above 
Solidus Solidification Casting Liquidus Specific 
ASTM Temperatures, Range, Temperature, Temperatures, Gravity, 
Alloy C F Cc F Cc F Cc F g/cm* 
C4A 645-550 1190-1020 95 170 680 1255 35 65 2.80 
S5A 630-575 1165-1065 55 100 670 1240 40 75 2.68 
SC51A 625-580 1155-1075 45 80 665 1230 40 75 2.71 
SG70A 610-580 1130-1075 30 55 650 1200 40 75 2.68 
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TABLE 8—MECHANICAL PROPERTIES OF CENTRIFUGALLY-CaAst TEST PANELS AND STATICALLY CAST TEsT Bars. 





Mechanical Properties 
































Ultimate Tensile 0.2% Proof Elongation, Brinell Hardness 
Strength, kpsi Stress, kpsi % in 1 In. (500 kg load) 
Cast Centri- Static Centri- Static Centri- Static Centri- Static 
ASTM and fuged Cast fuged Cast fuged Cast fuged Cast 
Alloy Bar Number Panels Bars Panels Bars Panels Bars Panels Bars 
135-1 29.0 26.5 237 2.0 2.0 85.7 81.75 
-2 26.5 27.3 z 22.8 Nil 2.5 71.6 83.50 
3 30.5 28.7 & 24.7 2.0 2.5 75.5 84.0 
4 29.9 27.2 E 23,1 2.0 2.0 71.6 83.5 
C4A-T6 -1C 32.6 = 3.0 78.2 
-2C 28.8 7c 2.0 68.0 
-3C 28.2 x) Nil 70.3 
AC 32.9 a 4.0 75.5 
Average 29.8 27.4 23.1 1.9 2.3 74.6 83.2 
134-1 20.1 20.3 9.2 7.3 6.0 11.0 42.4 42.1 
-2 19.5 20.0 9.5 7.9 5.0 11.5 42.4 40.5 
-3 19.9 20.1 9.0 7.4 9.0 12.5 42.4 41.3 
-4 199 °- 20.2 10.0 8.0 9.0 10.5 42.4 41.1 
S5A-F -1C 20.1 10.1 90 —Ci«; 38.6 
2C 20.1 10.1 7.0 38.6 
-3C 19.4 9.6 6.0 38.6 
-4C 19.2 8.0 6.0 
Average 19.8 20.2 9.7 7.6 7.0 11.4 40.8 41.2 
142-1 34.6 37.9 a 28.1 2.0 4.0 84.2 84.0 
2 $2.1 36.3 o 28.4 1.0 2.5 85.7 88.3 
-3 32.6 38.5 = 27.9 1.0 4.0 85.7 89.3 
-4 36.0 37.6 E 27.4 1.0 4.0 85.7 87.3 
SC51A-T6 -1C 34.2 2 1.0 81.1 
-2C 31.8 ze 1.0 84.2 
-3C 31.1 5 1.0 81.1 
-4C 33.3 ; 1.0 81.3 
Average $2.2 37.6 28.0 1.1 3.6 83.6 87.3 
143-1 34.1 34.0 - 28.9 2.0 2.0 76.8 87.3 
-2 32.5 35.4 2 29.5 2.0 3.0 78.2 87.8 
-3 19.8 34.0 — 29.0 Nil 2.0 78.2 86.8 
-4 32.7 35.0 5 27.7 2.0 3.0 82.6 87.0 
SG70A-T6 -1C 33.0 a 1.0 76.8 
-2C 15.7 pe 1.0 71.1 
-3C 33.4 s Nil 78.2 
AC 29.9 . 2.0 78.2 
Average 29.2 34.6 28.8 1.2 2.5 80.0 87.3 





It was noticed that many of the centrifugally-cast 
bars were fracturing on the shoulder closest to the 
periphery of the spinning mold, and that these frac- 
tures were associated with shrinkage, particularly in 
the case of alloys SC51A and SG70A. This in itself is 
rather contradictory, in that these alloys have the 
shortest freezing range and therefore would be ex- 
pected to be least subject to shrinkage. 

However, it must be remembered that if the facili- 
ties for feeding are inadequate, an alloy with a short 
solidification range shows concentrated severe shrink- 
age, while an alloy with a long solidification range 
shows distributed shrinkage which may not have such 
a severe effect on mechanical properties. It must be 
remembered, also, that if at any time bridging occurs, 
say in the gage length of the test bar, then the cen- 
trifugal force will tend to feed the larger section at 
the grip end from the still liquid metal beyond the 
bridge. 

The centrifugal force, i.e. the feeding force, is also 
greater here since the radius of rotation is large. This 
would be expected to result in concentrated shrinkage 


a 


in the case of short solidification range alloys, while, 
because of the more advanced stage of solidification, 
the shrinkage may not be so severe, and would be 
more widespread with the long solidification range 
alloys. It is thought that some combination of factors 
such as these may be responsible for the anomalies be- 
tween the x-ray and tensile results of the centrifugal 
and static test bar castings. It was therefore apparent 
that only by the elimination of these other factors 
could the influence of the solidification range of the 
alloy be established. 
Grain Size 

In the course of the main investigation, several test 
panels were cut as shown in Fig. 20, macroetched, and 
examined for grain size and grain distribution. 

The examination revealed that grain size differs 
considerably on the outer and inner faces of the test 
panels and that the distribution of the grains on the 
examined surfaces depends on such factors as: alloy 
employed, revolving speed, runner and gating sys- 
tem, direction of rotation in relation to the runner, 
position of the riser, and other factors which influence 
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TABLE 9—MECHANICAL PROPERTIES OF TEST BARS CAstT CENTRIFUGALLY AND STATICALLY. 





Mechanical Properties 





Ultimate Tensile 


0.2% Proof 


Elongation, Brinell Hardness 















































Strength, kpsi Stress, kpsi % in 1 In. (500 kg load) 
Cast Centri- Static Centri- Static Centri- Static Centri- Static 
ASTM and fuged Cast fuged Cast fuged Cast fuged Cast 
Alloy Bar Number Bar Bar Bar Bar Bar Bar Bar Bar 
C4A-T6 136-1 33.9 28.8 20.5 22.9 5.5 1.0 74.1 82.6 
-2 30.5 33.4 21.2 24.3 3.0 3.0 72.8 82.6 
-3 29.2 31.2 20.0 22.4 4.0 2.5 72.8 82.6 
-4 31.3 22.3 4.5 82.6 
Average 31.2 31.2 20.8 23.0 4.2 2.8 73.2 82.6 
S5A-F 137-1 22.6 8.8 10.0 42.4 
-2 23.0 20.7 11.6 9.1 15.5 16.0 42.4 38.6 
-3 22.3 20.8 8.2 9.9 10.0 16.0 42.4 38.6 
-4 21.2 21.0 8.4 7.5 7.0 16.0 42.4 38.1 
Average 22.3 20.8 9.2 8.8 10.5 16.0 42.4 38.4 
SC5IA-T6 138-1 33.6 37.6 21.9 309 4.0 2.5 74.1 85.8 
-2 36.7 37.8 22.1 30.7 8.0 2.0 69.1 89.0 
-3 32.6 38.5 21.9 31.8 3.0 3.0 71.6 89.0 
-4 35.3 37.6 21.3 30.8 5.0 2.5 69.0 90.8 
Average 34.6 37.9 21.8 31.1 5.0 2.5 70.9 88.6 
SG70A-T6 139-1] 26.3 34.6 12.0 24.8 17.5 6.0 44.5 72.8 
-2 26.5 34.1 12.3 25.3 20.0 5.0 46.1 74.1 
-3 25.9 33.5 12.5 23.8 19.0 5.0 43.8 74.1 
4 25.8 32.6 11.9 23.9 13.0 5.5 43.2 72.8 
Average 26.1 33.7 12.2 24.5 17.3 5.4 44.2 73.2 
TABLE 10—GRAIN SIZE FoR TEsT Bars Cast STATICALLY AND CENTRIFUGALLY. 
Static Casting Centrifuged Casting ee i < 
A B A B Casting Spinning 
Casting ASTM Temp., Speed, 
No. Alloy Grain Size, Mean Diameter in 0.001 Inch Cc F rpm 

136 C4A-T6 10 10 7 7 678 1250 600/800 

137 S5A-F 20 14 10 7 670 1240 600/820 

138 SC51A-T6 20 20 10 10 670 1240 600/650 

139 SG70A-T6 20 18 7 7 650 1200 600/770 








the entrance of the metal into the mold cavity and the 
feeding during solidification. Figures 23 to 27 show 
cross sections of some of the test panels. 

Table 10 lists grain sizes of sections cut from test 
bars cast statically and centrifugally. Grain size was 
measured close to the shoulders of the test bay in the 
grip section. The letter “A” corresponds to the shoul- 
der neighboring the sprue, and the letter “B” cor- 
responds to the shoulder from the other end of the 
test bar. The values given are mean values, taken 
from four test bars. 

The grain size of the centrifugally-cast test bars is 
consistently finer than that of corresponding test bars 
cast statically. After heat treatment, grain size is uni- 
form in both ends of the test bars, both for static and 
centrifugal methods of casting, but still shows the dif- 
ference between the two methods of casting. Grain 
sizes differ for both ends for the test bars in the non- 
heat treatable alloy S5A. Grains from test bars and 
grains from test panels for the same alloy and for the 
same conditions of pouring differ considerably both 
in shape and in size. 

In castings with small cross sections perpendicular 
to the direction of the flow, such as the test bars, the 
grains are much smaller and uniform throughout the 


entire length of the casting. Freezing starts from 
numerous nuclei and proceeds very rapidly due to the 
chilling effect of the walls of the mold cavity. Feed- 
ing, of course, is restricted, resulting in shrinkages in 
the case of the test bars, mostly around the shoulder 
situated farther from the sprue, where larger cross 
sections are being fed by metal flowing from narrower 
passages. 

In castings with large cross sections perpendiculat 
to the direction of the flow of incoming metal and 
dimensionally short in radial direction, such as the 
test panels, feeding is much better, although forma- 
tion of bridges leading to shrinkage is always possible 
due to the disturbed entry of the metal and the un- 
even distribution of the cold and hot metal inside the 
mold cavity. In castings of this type, there is always a 
large shrink in the middle, due to solidification pro- 
ceeding from the walls of the mold cavity, and, there- 
fore, appropriate risering is necessary. 

In such castings there is a wide distribution in the 
size and shape of the grains, changing from very small, 
close to the outside wall of the mold cavity and close 
to the sides, to very large on the inside surface of the 
casting which, because of the action of the centrifugal 
force, is filled last with relatively hot metal. Lower 





B—Middle Cross Section 


C—Outer Face 


Fig. 23—Cross section of test panel; Casting No. 118; 

Alloy C4A; Sprue No. 3A; Runners No. 3; Casting tem- 

perature, 680C (1255 F); Initial casting speed 200 rpm, 
increased to 810 rpm in approximately 60 sec. 
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A—inner Face 


B—Middle Cross Section 


C—Outer Face 


Fig. 24—Cross section of test panel; Casting No. 114; 

Alloy C4A; Sprue No. 3A; Runners No. 3; Casting tem- 

perature, 710 C (1310 F); Initial casting speed 100 rpm, 
increased to 800 rpm in approximately 60 sec. 
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A—Inner Face 
A—Inner Face 
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B—Middle Cross Section B-—Middle Cross Section 


C——Outer Face C—Outer Face 


Fig. 25—Cross section of test panel; Casting No. 89; Alloy Fig. 26—Cross section of test panel; Casting No. 100; 
C4A; Sprue No. 1; Runners No. 1; Casting temperature, Alloy 99.95 Aluminum; Sprue No. 1; Runners No. 1; Cast- 
680 C (1255 F); Casting speed, 600 rpm. ing temperature, 680 C (1255 F); Casting speed, 600 rpm. 
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A—Inner Face 





B—Middle Cross Section 





C—Outer Face 


Fig. 27—Cross section of test panel; Casting No. 134; 

Alloy S5A; Sprue No. 3A; Runners No. 4; Casting temper- 

ature, 670 C (1240 F); Initial casting speed 50 rpm, in- 
creased to 760 rpm in approximately 60 sec. 
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initial speed, by decreasing the disturbance of the in- 
flowing metal inside the mold cavity, tends to decrease 
the difference in grain size. 


Density 


No significant difference in density was observed 
between centrifuged and static castings. Some test 
bars, which had been cut from test panels cast cen- 
trifugally at higher revolving speeds, showed even 
slightly lower density than those cast from the same 
pot statically. Test bars cut from test panels cast at 
lower initial speeds (50-100 rpm), and with speeds in- 
creased to 600-800 rpm during solidification, showed 
slight increase in density compared to bars centrifu- 
gally cast at an initial speed of 600 rpm. 


Discussion of Results 


All attempts to obtain a sound structure throughout 
the whole body of the test casting at a high spinning 
speed (600-700 rpm), necessary from the point of view 
of sufficient hydrostatic pressure, failed for all alum- 
inum alloys employed in this investigation. 

As shown in Fig. 22, a completely sound casting was 
obtained in alloy S5A, using an initial spinning speed 
of 50 rpm and increasing it in 60 sec to a maximum 
speed of 760 rpm. 

Casting at low initial speeds, with a sufficiently high 
acceleration ratio to the maximum spinning speed, 
proved to be, for the designed gating, much more 
successful as compared with casting at high initial 
speeds. Theoretical considerations of the adaptability 
of aluminum alloys to centrifugal casting confirm this 
result. 

The following advantages of centrifugal casting are 
the result of the peculiarities of the method itself, in- 
dependently of the metal employed: 

1. Increased yield of metal, 

2. Closer tolerances, 

3. Better feeding, 

4. Lower temperature of casting. 

Other advantages are the result of a favorable com- 
bination of the peculiarities of the casting technique 
and the characteristics of the metal. These advantages 
are: 

1. Refining action due to centrifugal force, 

2. Degassing action due to internal pressure. 
These two last advantages influence positively the 
mechanical properties of the metal. Since light alloy 
characteristics (low specific weight, high chemical ac- 
tivity, and small differences in oxide and metal den- 
sity) are not favorable for the centrifugal casting 
technique, both of these advantages seem to be doubt- 
ful. Refining action could not take place, due to the 
nearly equal densities of the oxides and the metal 
and the very short time available for refining. The 
favorable influence of degassing action by hydrostatic 
pressure is completely overshadowed by the unfavor- 
able effects of flow turbulence caused by high revolv- 
ing speeds. 

The structure of centrifugal castings differs from 
that of static castings in grain size and distribution. 
This difference is more marked in thick, open cast- 
ings, where the effect of nucleus migration due to the 
centrifugal force is more pronounced. As shown 
in Figs. 23 to 27 inclusive, columnar crystallization 
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occurs at the inward surfaces, reaching quite deeply 
inside the casting, depending on the temperature of 
casting and the alloy employed. Grain size decreases 
in the outward direction, reaching at the outer surface 
a very fine equiaxial structure, finer than found nor- 
mally in a static casting. This phenomenon has its 
unfavorable effect on the uniformity of the mechani- 
cal properties of centrifuged castings. 

The distribution of porosity follows in general the 
pattern of the grain size distribution. Porosity is con- 
centrated mainly close to the center and the inner 
zone of the casting. The outer zone and parts of the 
castings farther away from the riser were generally 
sound. 

The mechanical properties varied for different parts 
of the test panels cast at high initial speeds. Although 
tensile strengths of 30 per cent above the value guar- 
anteed for static castings were obtained, these high 
mechanical properties were not uniform throughout 
the casting and, in some cases, the spread of properties 
was considerable. These differences in mechanical 
properties were not so pronounced in castings which 
have been cast at low initial speeds where the me- 
chanical properties, although lower, were more uni- 
form throughout the whole test panels . The available 
time of acceleration to the maximum speed was prob- 
ably too long and the effect of the corresponding 
higher hydrostatic pressure and centrifugal force has 
been lost because the metal was already solidified. 

The high mechanical properties obtained from time 
to time from sound parts of the castings which had 
been cast at high rotating speeds proved that with the 
metal delivered into the mold cavity without disturb- 
ances, or oxidation, and in a manner favorable for in- 
ward progressive solidification, a uniform increase in 
mechanical properties could be obtained, provided 
the centrifugal force and the hydrostatic pressure are 
sufficiently high. 

The factor of shrinkage porosity is of prime im- 
portance and has already been discussed in some de- 
tail. Distribution of shrinkage porosity, solidification 
range of the alloy, directional solidification, design of 
risers, and action of centrifugal force and hydrostatic 
pressure—all are interrelated, and it becomes ex- 
tremely difficult to distinguish the effect of any one 
individual factor, say the solidification range. It was 
apparent that some of these confusing factors would 
have to be eliminated, and, in order to do this, a spe- 
cial electrical resistance furnace was designed and con- 
structed which was capable of melting the charge in a 
cylindrical mold while in motion on a rotating plate. 

Since melting and cooling of the charge was accom- 
plished while the furnace and cylindrical mold are 
rotating with the revolving table, the metal, being 
substantially stationary within the mold, is subjected 
to all the advantages of centrifugal force without the 
disturbing effects of turbulent flow through runners, 
etc. Progressive solidification from the outside towards 
the center, and feeding against solidification shrink- 
age, is secured by a specially arranged air cooling 
system acting on the bottom of the mold. The first 
runs with the furnace proved that it operated satisfac- 
torily, and further experimenal work on this aspect 
is in progress. 
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Summary 


To summarize the results of all phases of the work 
to date, the foHowing conclusions may be drawn: 

1. Sand. The sand mixture and the mold wash to 
be used for high speed centrifuging must withstand 
high metal pressure and the resultant tendency to 
heavy metal penetration. A suitable dry sand mixture 
and mold wash were developed and used successfully 
throughout the present investigation. 

2. Gating. To avoid turbulence of the metal flow 
and dross inclusions, the gating must be designed in 
accordance with the following requirements: 

(a) It must decrease the high linear velocity of 
the metal by resolving of the acting centrifu- 
gal force, and 

(b) It must conform to the general principles of 
fluid mechanics for steady and undisturbed 
flow. 

3. Feeding. The centrifuging technique is charac- 
terized by better feeding conditions as compared with 
a similar static casting because of the mechanical ac- 
tion of the centrifugal force, and, additionally, also 
due to segregation and the consequent tendency of 
the remaining liquid of lower freezing temperature 
and higher density to move outwards and solidify last. 

4. Casting Shapes. The application of the centri- 
fuging technique to light alloy castings is limited 
to such shapes which allow the avoidance of segrega- 
tion and non-uniformity of grain size. Open shape 
castings with heavy cross-sections perpendicular to the 
radial arrangement in the mold should be avoided. 

5. Alloy. The “castability” of the alloys is a very 
important factor in centrifuging, and poor casting 
characteristics of an alloy are much more accentuated 
in this casting method. 

6. Pouring Temperature. The effect of pouring tem- 
perature on mechanical properties and on the casting 
structure has been studied, and it was found that the 
grain size, as well as the tendency towards axial crystal 
growth and segregation, decreases with lower pouring 
temperature. 

7. Spinning Speed. It was found that castings 
poured at a low initial spinning speed and accelerated 
rapidly to a higher speed showed considerably better 
properties as compared with castings poured at high 
rotating speeds. 


Conclusions 


Casting into sand molds using high speed centri- 
fuging has so far not proved to be practical for light 
alloys. More effort towards the development of gating 
design, as well as casting and pouring techniques, is 
needed before all the difficulties encountered in con- 
nection with turbulent flow and jet-like influx of the 
metal will be eliminated. The tendency to columnar 
crystallization and the resulting non-uniformity of 
grain size throughout the casting require further study 
of the factors affecting adversely these phenomena. 

Shapes such as the test panels are not adaptable to 
centrifuging methods, due to the resulting differences 
in grain size, low mechanical properties, and the neces- 
sity of risering. 

Using low initial centrifuging speeds, casting into 
sand molds presents a field of commercial applications 
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for light alloys, where increased yield of metal, closer 
tolerances, lower temperature of casting and other ad- 
vantages affecting favorably the cost of production are 
most important. This application is limited to cast- 
ings which have shapes and cross sections favoring 
non-turbulent filling of the mold cavity, progressive 
solidification, and uniform grain size distribution. 
Molding practice, wherever possible, should take ad- 
vantage of the possibilities of christmas tree and clus- 
ter formation, presented by the central location of the 
sprue with mold cavities located on its periphery. 
Results of the present investigation showed that 
centrifuging may be used in the light alloy foundry, 
but it illustrated also the limitations of this method 
regarding casting shapes, alloys, and spinning speeds. 


CENTRIFUGAL CASTING OF ALUMINUM ALLOYS 


The investigation on the design and development 
of a gating system suitable for the production of cen- 
trifuged aluminum alloy castings was not completed, 
because of the necessity of interruption of further ex- 
perimental work due to assignments of higher prior- 
ity, and the whole project had to be postponed for the 
time being at least. It is hoped that the AFS Com- 
mittee on Centrifuging Casting of Light Alloys will 
be able to continue this research project and that the 
work will include a more fundamental study on the 
fluid flow and the solidification mechanism in rapidly 
rotating molds, as proposed in the conclusions of the 
Progress Report published in AFS TRANsactions, vol. 


57, pp. 629-631 (1949). 
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